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I. INTRODUCTION 

1ne fluoride ion (F-) is ubiquitous and occur~ in igneous and sedimentary 

rock, soil, surface water, ,ea water and air. Elemental fluorine (F
2

) is a 

pale yellow, acrid gas at 20°C, with a freezing point of -219.6°C and a 

boiling point of.-188.2°C. Fluorine is highly reactivei however, the fluoride 

ion occurs naturally i~ combined, mineral form~ such as fluorspar, 

fluorapat~te and cryolite as well as in aluminum, calcium and magnesium salts. 

Industrially, ~luorspar is treated with sulfuric acid to produce hydrofluoric 

acid (HF). the intermedia~~ from which other fluorine compounds, such as 

sodium fluoride (NaF), are prepared. Sodium fluoride is used commercially in 

fluxes, for drinking water fluoridation, in tablets and topically applied 

preparations for the prevention of dental caries and for scrubbing HF from 

fluorine. Sodium fluoride is occasionally used as an insecticide and as a 

wood preservative. 

Approximateiy 97% of ingested fluoride is rapidly absorb~d from the 

gastro1ntestinal tract of the rat and th~ human. 1ne abso~bed fluoride is 

distributed throughout intracellular and intercellular spaces by the blood. 

Although appreciable quantities of fluoride are not stored in soft tissue, its 

~apid uptake and bioconcentration in bone and teeth ire functions Ci both 

concentration and duration of exposure. Concentrations in bone increa~e with 

increasing age. Absorbed fluoride is usually excreted in urine or deposited 

as fluorapatite in calcified tissues. Under steady-state intake conditions, 

the urinary concentration of fluoride in adults tends to approxil"18te the 
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fluoride concentration of :he drinking water. Fluoride may be excreted 

through perspiration in hot envirnnments. 

Drinking water, food and air are the main sources of fluoride exposure 

for humans. In ~eneral, a 70-kg adult male takes in up to 1.2 ~g F/day in 

air, 0.2 to 0.8 mi F/day in food and 0.2 to 2.0 mg F/day in wat-er. On a per 

-s -3 body weight basis these values are 1.7 x 10 mg/kg/day for air, 2.9 x 10 to 

1.1 x 1~-2 ~g/kg/day for food and 2.9 x 10-3 to 2.9 x 10-4 mg/kg/day for 

water. 'nlus, compared-to food and water, the contribution of fluoride by air 

is negligible. Under typical exposure conditions <1.0 mg F/L), adult males 

consume 72% to 91% of their fluoride intake via drinking water; ~or five- to 

thirteen-year-old children the range of fluoride intake via drinking water is 

64% to 97%. (At exposures greater than 2.0 mg F/L, drinking water accounts 

fo~ over 90% of the exposure for both groups). On a per body weight basis, 

five- to thirteen-year-old chiluren consume 1.4 times as much fluc~id~ via 

drinking water as adult males, and newborn, formula-fed infants consume mo~e 

than eight t · .es as much as adults. 

Acute lethality of NaF in animals varies with rout• of administration, 

age and sex. In mice the oral LD50 was 46.1 mg F/kg compared to an 

intravenous LD50 of 23.0 mg F/kg. The approximat·· intraperitoneal L»
50 

of NaF 

in adult rats is 26 mg F/kg. Young rats (less than seven months of age) and 

specifically young male rats appear to be resistant to NaF toxicity. Acutely 

toxic -doses of fluoride in rats occasionally resulted in fatal polyuria, but· 

100 mg F/L in drinkin$ water did not cause renal injury. 
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Cattle tolerated 27 ppm (equivalent to 0.64 mg F/kg/day) in the diet 

without observable Jeleterious effect. Cattle chronically exposed to 49 ppm 

fluoride in the ration (equivalent to 1.17 mg F/kg/day) showed skel~tal and 

dent~l fluorosis. Sheep were less sensit!ve than cattle to the chronic 

eff~cts of fluoride. Growth in most species was unaffected by dietary 

~oncentrations of 100 ppm or less; however, growth in cattle appen~ed to be 

slightly affected at 40 ppm. Cardiovascular effects were observed in dogs at 

9 mg F/kg or higher. At concentrations of 50 mg/Lor below of fluoride in 

drinking water, no structural or functional changes in the thyroid have been 

observed in animals. No conclusive evidence has been foun~ to indicate that 

fluoride is mutagenic or carcinogenic either in vitro or in~-

The beneficial effects of fluoride on human health have been demonstrated, 

both in terms of general health and in the treatment of specific diseases. 

Fluoride ingested during childhood results in a marked reduction of dental 

caries. Similarly, fluoride has found applica:ion in stimulating substituted 

bone growth in patients with osteoporosis. The daily intaka levels considered 

t~ be pro~ectiv~ against both dental caries and possibly osteoporosis are 

established by age category with 1.5 to 4.0 mg/day (0.7 to 2.0 mg/Lin 

drinking water) the range for adults. Fluoride has also been suggested to 

have beneficial effect~ on the ca7 Jiovascular system (reduced &ortic 

calcification) and hearing (stabilization of patients with active 

otospongiosis). 

Incidences of human poisoning from NaF have been reported. The estimated 

lethal dose for humans is 70 to 140 mg/kg. Hypothetical relationships between 
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mongolism and sensitivity to fluoride, a,r~~ll as exposure to fluoride and 

c~ncer incidence have been reported but not substantiated. Persons with renal 

.insufficiency may be at increased tisk to the toxic effects of fluoride. 

Delayed skeletal maturation has been ref~rted in children exposed to veter 

containing as little as 3.6 mg F/L. These data, however, were derived from a 

study of 11- to 15-year-old Tanzanian girls and several confounding factors 

(i.e., warm climate, drinking water intake, nutritional status, incidence of 

other diseases, etc.) prevent drawing any conclusions from this study for 

application to the U.S. situation. Skeletal fluorosis (as measured by 

increased bone density) has been observed in populations using drinking Yater 

containing from 4 to 8 mg F/L. Severe skeleta~ fluorosis has oc:urred in both 

adults and children who consumed drinking water containing 10 or more mg F/L. 

Dental fluorosis occurs during the developmental period of enamel 

formation. EpiC,.emiological studies have shown that dental fluorosis is a 

function of fluoride concentration, age, duration of exposure and possibly 

ambient temperature (as related to water consumption). ln nearly all 

epidemiological evaluations, including warm climates, objectionable (moderate 

and severe) dental fluorosis is generally not observed in a significant 

percentage of the population at drinking water concentrations below 

2.0 mg F/L. There is no evidence·of adverse health effects in humans 

resulting from properly controlled fluoridation of domestic water supplies. 

Fluoride interacts with bon•s and teeth by replacing hydroxyl or bicarbon­

ate radicals in bydroxyapatite to fo1~ fluorobydroxyapatite. The presence of 
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fluorohydroxyapatite increases the crystalline structure of the bone and 

reduces its solubility. This is believed to increase the resistance of teeth 

to dental caries and, possibly, to decrease the incidence of osteoporosis. As 

bone crystal growth continues, fluoride is incorporated into the inner layers 

of the crystals as well as on the surface. The available evidence suggests 

that dental fluorQsis results from the effects of fluoride on the epithelial 

enaml!l organ. Specifically, several studies have shown that ameloblasts are 

susceptible to fluoride. Dental staining often accompanies fluorosis but does 

not determine the degree of the fluorosis. 

Populations that appear to be a~ increased risk from the effects of 

fluoride are individuals that suffer from.diabetes insipidus or some forms of 

renal impairment. These high risk populations represent a relatively small 

segment of the general population. 

There is a general absence of suitable experimental o~ clinical data 

folJ.owing short-term oral exposure to fluoride for the derivation of one-day 

or ten-day Health Advisory values for children and adults. The ~".'Se-response 

for dental fluorosis, while subject to considerable variation at different 

locations and in different populations, represents a steRdy increase in 

~oderate and severe dental fl~orosis with increasing fluoride conce:,tration in 

the drinking water. It is generally observed that the incidence of moderate 

and severe dental fluorosis begins. to impact a marked segment of the 

population when the drinking water conc.entration approaches and exceeds 2. f ... 6 

--F/L. One recent study of children suggested that the maximum protection rrom 

dental caries was achieved when drinking water contained approximately 2 mg F/L. 
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v,rtous studies and reviews indicate that the no-effect levels for the 

initial signs of skeletal fluorosis (increased bone density) in adults appear 

to be at drinking water concentrations between 3.0 and 8.0 mg F/L. Protection 

of human h~alth from this effect is believed to be achieved at 4.0 mg F/L with 

an adequate margin of safety. There is no valid evidence to classify fluoride 

as a potential carcinogen. 

The National Academy of Sciences has estimated an adequate and safe total 

intake of flu~ride ranging from 0.1 to 0.5 mg/day for infants (less than six 

months old) to 1.5 to 4.0 mg/day for adults. These estimates are cor.sidered 

protective 1ainat dental caries au~ possibly osteoporosis. 
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11. PHYSICAL AND CHEMICAL PROPERTIES 

A. Physical and Chemical Properties 

Elemental fluorine is highly reactive. Fluorine is a pale yellow, acrid 

gas with a freezing point of -219.6°C and a boiling point of -188.2°C (Weast 

1980). However, fluorine is widely disseminated in ionic or combined forms. 

The terms "fluorine" and "fluoride" are both used in the general literature to 

refer to combined forms of fluorine. 

The fluoride-containing minerals ~luorspar, fluorapatite and cryolite are 

essentially insoluble in water. They have very high melting a~d boiling 

points and very low vapor pressures (Drury et al. 1980). 

There are hundreds of ionic compounds of fluorine. Some commercially 

important ionic fluorides are the sodium, calcium, aluminum and magnesium 

salts; these have characteristically high melting and boiling points. Sodium 
.. 

fluoride is a white crystalline powder with a melting point of 993°C and a 

boiling point of 1695°C. This compound is only minimally soluble in water 

(4.22 g/100 ml at 18°C) (Weast 1980). Aluminum, calcium and magnesium 

fluorides are also only sparingly soluble in water. 

Hydrogen fluoride is a colorless liquid or gas with a boiling point of 

19.5°C and a fteezing point near -83°C (Weast 1980). ·Hydrogen fluoride is 

highly soluble in water and fumes strongly in contact with the at~osphere. 
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Hydrogen fluoride has a high vap~r pressure (17.8 psia at 25°C) and its liquid 

density is 0.9576 g/cm3 at 25°C (Gall 1966). 

Silicon tetrafluoride is a colorless gas vith a melting point of -90°C, a 

boiling point of -86°C (Weast 1980) and an odor reminiscent of hydrogen 

chloride (Windholz et al. 1976). It reacts vith water to form fluorosilicic 

acid (H2SiF 6 )·, which is very soluble in water. 

Fluorine al~o combines covalently with organic compounds. There are 

thousands of knovn fluorine-containing organic compounds, but few of these 

occur naturally. The chemical and physical properties of many of these 

compounds differ greatly from their hydrocarbon counterparts, mainly because 

of ~he stronger carbon-fluorine.bond (Drury et al. 1980). 

Table II-1 ·summarizes the properties of most of the naturally occurring 

fluorine compounds and various fluorine compounds used industrially. 

B. Manufacture and Uses 

Of the three major fluoride-containing ores (fluorspar, phusphate rock 

and·fluorapatite), only fluorspar is used co,.anercially as a source of fluorides. 

Generally, fluorspar is treated vith sulfuric acid to produce hydrogen fluoride. 

Hydrogen fluoride is the most important manufactured fluoride and is the 

intermediate from which other fluorine compounds are prepared. About 292,000 

metric tons of HF were produ~ed in the United States in 1977 (Drury et al. 

1980). Approximately 40% was used to manufacture aluminum, 37% vas converted 
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Table 11-l Selected Fluoride Compounds and Properties 
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into fluorocarbon compounds, 7% was used in processing uranium, 5% was used in 

alkylation catalysts in petroleum refining, 4% was uced in manufacture of 

fluoride salts and 4% was used in stainless steel pickling operations. 

Smaller quantities were used as fluxes in metal casting, welding and brazing 

operations; as etching agents in glass and ceramics industries; as cleaners in 

metal finishing processes; in pesticides; in fluoridation of water supplies 

and in ~oothpaste and other dental preparations (D· ,cy et al. 1980). 

The fluorination of organic compounds amounted to about 108.000 metric 

tons in 1977 (Drury et al. 1980) and is the greatest single end use of 

fluorides. Hydrogen fluoride is used in the synthesis of dichlorodifluoro­

methane1 trichlorofluoromethane1 tetrafluoromethane, tetrafluoroethylene 1 
. 

vinyl fluoride and hexafluoropropene. These compounds are used chiefly for 

aerosol propellants, refrigerants and fluorinated plastics. Small quantities 

of other fluorocarbons find specialized uses as inhalation anesthetics, fire 

extinguishing agents, cleaners and degreasers (Drury et al. 1980). 

Sodium fluoride is widely used in fluxes, for fluoridation of water 

supplies, in dentifrices aud other dental preparations and for scrubbing BF 

from fluorine. It is also occasionally used as an insecticide and a wood 

preservati1e (Drury et al. 1980). 

Fluorosilicic acid (B2SiF6) is sometimes used in hardening cement. 

preserving timber, manufacturing enamels and preserving oil pigments. A small 

amount of sodium fluorosilicate is used as insecticide (Drury et al. 1980). 
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Fluorides are emitted into the atmosphere as a result of the manufacture 

of fertilizer and phosphorus from rock phosphate, the operation of aluminum­

and steel-producing furnaces, the manufacture of brick and tile products and 

the combustion of coal. The fluorides are generally in the form ~f HF, 

fluorine, boron trifluoride, B2SiF6, sodium fluorosilicate, aluminum fluoride, 

calcium fluoride. lead difluoride, fluorapatite, silicon tetnfluoride and 

fluoride partlculates (Drury et· al. 1980). 

Liquid wastes containing HF or fluoride ion (F-) are generated in 

appreciable quantities by glass manufacturers,· pesticide and fertilizer 

producers, steel and aluminum makers, met~ processing industries and · 

inorganic chemical producers (Drury et al. 1980). 

c. Summary 

Fluorine is bighly reactive. It usually occurs as ionic or covalently 
. 

bonded fluoride. The most common chemical forms are fluorspar, fluorapatite, 

cryolite, BF, B2SiF6 and fluorocarbons. Most naturally occurring forms of 
• 

fluoride are insoluble or only slightly soluble in water. 

The main industrial·source ,f fluoride is. the mineral fluorspar. 

Hydrofluoric acid is ma.de from fluorspar and is used primarily in the produc­

tion of aluminum and fluorocarbon compounds. 
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Fluoride occurs in moat rocks and soils in concentrations of 200 to 1.000 

ppm. lt is a normal constituent or most natural waters in concentrations up 

to 0.3 ppm. The water supplies of most major United States cities naturally 

contain 0.02 to 0.1 ppm fluoride. Croundwa-ter fluoride concentrations va·:y 

vith the type of rock the water flows through but usually do not exceed 10 

ppm. 

Fluorides-occur in the atmosphere from natural and industrial emissions. 

Most atmospheric fluorides are washed out by rainfall vhich may contain 0.02 

to 14 ppm fluorid~. 
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III. TOXlCOKINETICS 

A. Absorption 

Soluble fluor~des are rapidly absorbed from the gastrointestinal tract of 

animals and humans. Zipkin and Likins (1957) demonstrated that when rats were 

administered, by intubation, 0.2 mg Fas NaF in solution, 86% of the dose was 

absorbed in 90 min. In a more definitive experiment by Zipkin and Likins 

(1957), single doses of 1.7 to 1.8 mg F/kg of body weight were administered by 

stomach tube to groups of ten male rats weighing 110 to 120 g. After 30 

minutes the rats were sacrificed and the percentage of the dose remaining in 

the gastrointestinal tract was det·ermined. The percentage of the dose 

absorbed was esti1:1ated by subtracting the percentage of the dose remaining 

from 100%. The fluoride was administered in several checical forms. The 

readily ionizable compounds Na!, N~2SiF6, Na2Po3F and SnF2 (all administered 

in solution) were absorbed to the extent of 50%, 51%, 43% and 50%, 

respectively during the 30 minute period. Compounds not releasing ionic 

fluoride were absorbed more e~tensively. Absorption of KPF6 and KBF4 was 77% 

and 76%, respectively. 

Ericsson (1958) adminir.tered ·o.os mg F (labelled with 18r) p::.r kg of body 

weight to groups of six male rats weighing 269 to 289 g. The fluoride was 

administered by stomach tube as 5 ml of an aqueous solution containing 1 ppm F 

(1 mg F/L). The percentage of the dose per ml of heart blood was maximal 

(approximately 0.18%/mL) 45 minutes after administration. Analysis of the 

gastrointestinal tract for fluoride remaining after eight to ten hours showed 

that 89% to 90% had been abr.orbed. 
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A number of studies are available describing the absorption o! fluoride 

in humans. For example, Ekstrand et al. (1977) messured plasma fluoride 

concentrations after oral administration of 4.5, 6.0 or 10.0 mg F to eight 

subjects (six males and two females) 23- to 29-years-old. The fluoride was 

administered as tablets or in gelatin capsules with wat~r. In all cases, the 

maximum plasma fluoride concentrations occurred within 30 minutes of 

administration. In a similar study, 0.5 mg Fas NaF tablets was ingested with 

water by five children three- tu four-years-old and weighing 15.5 to 17.8 kg 

(Ekstrand et al. 1983). Plasma fluoride concentrations were measured at 0, 30 

and 60 minutes after administration. As in adults, maximum plasma fluoride 

concentrations were observed 30 minutes after ingestion. 

The concordance among these studies suggests the rat is an adequate model 

for the short-term pharmacokinetics of fluoride in humans. In summary, 

soluble fluoride ingested by the human is absorbed from the gastrointestinal 

tract at least to the extent of 97%. Absorption is rapid with maximum p:dssa 

fluoride concentrations attained in approximately 30 minut£s in the human as 

well as in the rat. 

Carlson et al. (1960a) studied the absorption of fluoride in humans. 

Subjects c~nsumed 1 mg fluoride (as NaP containi ,g 
18

r) in 250 mL water. 

Maximum plasma concentrations (0.13 to 0.17 mg/L) were reached within 60 

minutes. · 18 At 150 minutes f was no longer present in the stomach. The 

gastrointestinal absorption of fluoride in five men 19- to 27-years-old was 

studied by McClure et al. (1945). Fluoride balances were determined over 

five-day periods while their normal diets (containing 0.50 to 0.90 mg 
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fluorid~/day, or 0.007 to 0.013 mg/kg/day for a 70-kg ·1ndividual) vere supple­

mented with NaF in water, NaF in food, CaF2 in water, CaF2 in food, bone meal 

in food or cryolite in food. Figure Ill-1 shows the fluoride balances 

associated vith the various forms of fluoride exposure. Fecal excretion 

suggests that NaF in water and food and CaF2 in water are extensively 

absorbed, while tluoride in bonemeal and in mineral cryolite is less well 

absorbed. The role of gastrointestinal secretion of fluoride was not 

determined in thi! work. 

The results of McClure et al. (1945) are similar to those found by 

Largent (1960). Largent studied the gastrointestinal absorption of soluble 

fluorides in human subjects. Soluble fluorides were administered in the 

following manner: 

NaF, 2 to 4% in aqueous solution. 

CaF2 in aqueous solution and as the dry salt in capsules. 

Bone meal as a slurry in an aqueous medi~ and as the dry ma!eiial 

in capsules. 

Cryolite as a solid in capsules. 

Finely powdered fluorapatite (rock phosphate) in capsules. 

Complete fluoride balance data vere collected. Total fluoride intake 

during these studies zanged from 3. 49 to 22. 3 mg/ day CO. 05 to O. 32 mg/lc.g/ day. 

for a 70-lc.g individual). Normal dietary intake of fluoride during these 

studies ranged from 0.4 to 0.8 mg/day (0.006 to 0.012 mg/lc.g/day). Approxi­

mately 96% to 97% of the fluoride from aqueous solutions containing NaF 
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Adapted from McClure et al. (1945). 

Figure III- 1 Fluoride Balances in Men During Five-Day Exp~rimental Period 
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or CaF2 was absorbed. Absorption of flu~ride from calcium.fluoride, bone 

meal, cryolite and rock ~hosphate, adminis~ered as solids, was approximately 

62%, 37%, 77% and 87%, r~spectively. 

B. Distribution 

Fluoride added intentionally to drinking Yater supplies exists in solu­

tion as fludride ion. (Feldman et al. 1957). Perkinson et al. (1955) stated 

that the rate and pattern of removal of fluoride from the bl~od is similar to 

- +2 that of ions such as chloride (Cl) and calcium (Ca ), in contrast to sodium 

+ (Na), which soon reaches an equilibrium value (see Figure 111-2). The 

authors found that the initial rates of removal of fluoride from sheep and cow 

blood (expressed as percentage of dose per minute), were 41% and 32%, of the 

intravenously administered dose respectively. These data suggest a rapid 

distribution of fluoTide among the tissues of the body. In a lamb killed two 
. 18 

hours after ingestion ~i NaF containing F, the absorbed fluoride was in fact 

found to be ~idely distributed (Table Ill-1). 

Carlson et al. (1960a) indicated that distribution ~f fluoride is also 

rapid in humans. 
18 . s,,bjects consumed NaF containing Fin water (250 mL at 

1 mg/L). Epigastric (abdom~nal) counts were monitor~J with a por~able 

scintillation counter. One hundred and fifty.minutes after dosing, the 

remaining epigastric counts were attributable to fluoride in the spine. 

Counts in ~uscle (contracted bice?s) started to decline 50 minutes after 

ingestion, until at 250 minutes they were nearly zero. In contrast, counts in 

the fe~ur had declined only 15% from their zaximum value (at ~O minutes) by 

250 minutes. 
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Table 111-1 

Blood 
Bile 
Muscle 
Spleen 
Pancrea~ 
Lymph noae 
Liver 

18 a F Distribution in a Lamb Killed Two Hours After Ingestion 

0.00061 
0.00050 
0.00015 
0.00016 
0.00033 
0.00028 
0.00033 

Rib epiphysis 
llib shaft 
Femur epiphysis 
Femur shaft 
Angle of mandible 
Molar tooth 

0.0048 
0.0018 
0.0046 
0.0008 
0.0045 
o.ooio 

&values in percentage of dose per iram fresh weight. 

Adapted from Per~inson et al. (1955). 
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C. Metabolism 

Bone is formed vhen calcium and phosp~otus are deposited on a collagen 

matrix (Kay et al. 1964). The resultant mineral phase is known as hydroxy­

apatite and has the formula ca10 (P04) 6(oH) 2• Fluoride is believed to replace 

the hydroxyl ion. (OH-) and possibly the bicarbonate ion (Hco
3
-) associated 

with normal hydroxyapatite (Neuman et al. 1950. KcCann and Bullock 1957). the 

resultant material is called fluorohydroxyapatite, or simply fluorapatite. 

Kay et al. (1964) analyzed the crystal structure of hydroxyapat,te using 

neutron diffraction and X-ray diffraction techniques. Their data indicated 

that the OB- of hydroxyapatite is in a less stable configuration than the F­

of fluorapatite. This might explain the ability of fluoride to harden bone 

and to increase the resistance of teeth t~ caries. 

D. Excretion 

·The principal route of excretion of ingested fluoride is via the urine. 
~ 

as has been dem~nstrated in a variety of species. B~wever. in species other 

than man. there is little published data relating fluoride concentrations in 

drinking water and in urine over prolonged periods of time. Several studies 

on livestock b~ve been reported. For examp~e. Shupe et al. (1963) fed pairs 

of dairy cattle rations containing 12 (normal). 27. 49, or 93 ppm fluoride on 

a total dry matter basis from about 4 months to 7.5 -years of age. Each pair 

of animals also received one of two levels of calcium-phosphorus mineral and 

one of two levels of concentrate mix. The total population consisted of 



16 pairs of cattle. Urinary fluoride excretion was measured for each pair of 

animals at intervals from 89 to 2,396 days on experiment. The data indicated 

that urinary fluoride concentrations were highly related to the flu~ride 

ingested. Also, as time on ex~eriment increased, and therefore skeletal 

st~res of fluoride increased, the proportion of absorbed fluoride deposited ·in 

the bone decreased and the proportion excreted in urine increased. Therefore, 

for a given level of fluoride intake, urinary concentration of fluoride 

increased with increased duration of intake. 

Figure 111-3 illustrates the strikingly linear relationship between the 

concentration of fluoride in drinking water and that in urine when individuals 

are constantly exposed to fluoride. Zipkin et al. (1957) demonstrated the 

rapidity of urinary excretion of ingested fluoride. The authors demonstrated 

that when 5 mg F (as NaF) was ingested in a glass of water, 20: (1.6 mg F) of 

the fluoride appeared in the urine within three hours. After eight hours, the 

rate of urinary excretion of fluoride returned to the pre-exposure level. 

Machle and Largent (1943) studied the excretion of fluoride in a human 

subject; 6 to 19 mg fluoride/day was added to the diet (equivalent to 0.19 to 

0.6 mg/kg/day for a 70-kg adult). Over this range of intake it was found that 

about half of the absorbec fluoride was excreted in the urine. "Jsing fluoride 

labeled with 18r, Carlson et al. (1960a) demonstrated that in two human 

subjects 51% and 63% of the fluoride filtered by the ki~ney vas reabsorbed. 

In contrast, at least 99.5% of filtered chloride is reabsorbed in a normal. 

individual. The relative inefficiency of the human kidney in reabsorbing 

filtered fluoride accounts for therapid urinary excretion of fluoride. 
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ln climates with var111 temperatures a significant fraction or total 

fluoride e~cretion may be via perspiration. McClure et al. (1945) measured 

excretion of fluoride in the perspiration of individuals maintained for eight­

hour periods in "comfortable" conditions (temperature 84 to 85°F, relative 

humidity 49% to 52%) and in "hot-moist" conditions (temperature 100-101°F, 

relative humidity 66% to 70%). Under the "comfortable" conditions about 25% 

of the fluoride exc~eted per day appeared in perspiration. Under the 

"hot-moist" conditions up to 46% of the excreted fluoride was in pi!ripirati~n. 

Rodge et al. (1970) have pointed out that the importa~ce of this route of 

excretion under different climactic conditions cannot yet be stated due to a 

lack of information. 

E. Bioaccumulation and Retention 

ln th~ body, the only significant covalent interaction of fluoride is 

vith the bydroxyapatite 1,n bones and teeth. Consequently, soft tissue 

concentration• of fluoride rise t_ransiently after ingestion of fluoride 

(Carlson et al. 1960b, Bein et al. 1956), but long-term retention. and 

accumulation are confined to calcified tissue (Wagner et al. 1958). Suttie et 

al. (1958) measured soft tissue concentrations of fluoride in 20 heifers 

exposed to O to 50 ppm (equiva: ent to 1.. 4 mg/kg/ day) added i luoride in their 

ration for 5.5 years. Control ani~ls .(0 ppm added fluorid~ in their ration) 

had soft tissue fluoride concentrations from 2.1 ppm (thyroid) to 5.3 ppm 

(adrenal) and an average vhole blood fluoride concentration of 0.34 ppm. 

Heifers exposed ·co 50 ppm (equivalent to 1.41 mg/kg/day) added fluoride in 
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their ration had soft tissue fluoride concentrations from 4.2 ppm (pancrea~) 

to 19.3 ppm (kidney), dry weight, and an average whole blo~d fluoride 

concentration 0.67 ppm. lt should be noted that the kidney is an important 

route of excretion for fluoride. Data on soft tissue stora~e of fluoride are 

summarized in Table 111-2. 

Twenty heifers exposed to 0, 2~, 30, 40 and 50 ppm added fluoride 

(ingested as NaF; equivalent to 0, 0.53, 0.86, 1.03 and 1.36 mg/kg/day, 

respectively) in their ration for 5.5 years showed progressive increments in 

bone fluoride concentration corresponding to the amounts of added fluoride 

(Suttie et al. 1958). Some samples of bone from animals exposed to 50 ppm 

added fluoride (equivalent to 1.36 mg/kg/day) in their ration contained more 

than 8,000 ppm fluoride on a fat-free dry weight basis. The data from this 

report are-summarized in Table 111-3. 

The deposition of fluoride in the skeleton of female Holtzman rats was 

studied by Suttie and Phillips (1959). Three age groups, weanlings, young 

adults (10-weeks-old) and mature rats (18-weeks-oldj. ~ere started on a diet 

containing 0.1% NaF. Rats wEire sacrificed at vart.ous times up to 113 days 

after the start of the exposure tc fluoride. At sacrific~, femurs were 

removeJ and analyzed for fluoride. The resu·ts of this study are summarized 

in Figure 111-4. These data show that ·fter an initial phase of rapid ~ptake 

of fluoride into bone, the rate of upta!.e gradually diminishes. Moreover, the 

concentration of fluoride in bone at the end of the experiment was inverselv 
~ . 

correlated with the initial ages of the rats. The authors believed that this 
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Table 111-2 The Effect of Added Dietary Increments of Fluoride ·ton 
(t-aF) on Soit Tissue Fluoride Concentrations in Dairy Cows 

Lot F Added Cow Heanb 
(pp111) No. 

1 0 2 1.8 
3 3.3 
4 1.7 

Av. 2.3 

11 20 5 2.7 
6 4.4 
7 2.5 
8 4.0 

Av. 3.4 

I.II 30 10 2.7 
11 4.7 
12 3.0 
Av. 3.5 

IV 40 13 3.3 
14 5.S 
15 4.5 
1-6 2.9 
Av. 4.0 

V 50 .l 7 5.0 
19 3.2 
20 6.3 
Av. 4.6 

VI 50 + 22 3.8 
Caco3 

23 4.6 
24 5.6 
Av. 4.6 

:~l values in ppm. 
; Dry weight • . 
:i,_ry, fat-free weight. 
-whole blood. 

Tissue Levels a 

Liver ~ Kidney b · Pancreas 

3.1 3 .1 1.7 
1. 9 2.9 4.0 
1.9 4 4 2.0 
2.3 3.S 2.8 

2.4 7.3 1.4 
2.1 6.0 2.6 
2.3 8.3 3.2 
3.9 12.8 1. 7 
2.7 "8. 6 2.2 

2.5 12.5 2.0 
.4.6 9.1 5.0 
5.1 10.S 3.5 
4.1 10.7 3.5 

5.6 19.7 . 3.0 
3.3 20.4 5.1 
3.4 7.8 
3.0 16.0 3.4 
3.8 16.0 3.8 

2.3 13.7 4.5 
2.1 15.4 4.1 
4.8 28.9 4.0 
3.6 19~3 4.2 

3.S 11.1 3.6 
2.7 7.7 3.S 
21!8 8.4 3.0 
3.0 9.0 3.4 

Adapted from Suttie et al. (19.58). 
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C Thyroid C Adrenal C 

0.6 2.0 
2.7 11. 9 
2.9· 2.2 
2.1 5. ~ 

2.9 3.8 
7.0 
6.6 

11.2 3.3 
6~9 3.5 

2.4 3.3 
4.1 
4 .1 3.3 
3.S 3.3 

4.9 2.5 
5.0 3.5 -
7.6 8.8 
5.8 4.7 

5.2 8.7 
12.2 
4.4 4.1 
7 ;3 6.4 

4.2 
4.9 4.2 
9.0 4.1 
6.0 4 .1 

Blood d 

0.49 
0.32 
0.22 
0.34 

o. 34 
0.59 
li.84 
0.39 
O.S4 

0.45 
0.89 
0.30 
O.S5 

0.94 
0.69 

0.31 
0.66 

.. 
0.38 
0.78 
0.84 
0.67 

1.10 
0.68 
0.88 
0.89 



Table 111-3 The Effects of Added Dietsry Increments of Fluoride Ion a (NaF) on Bone Fluoride eoncentrations in Dair1 Cows 

Bone Concentrations b 

F Added Cow Meta- Meta- 12th 
Lot (ppm) No. carpal tarsal Frontal Rib 

I 0 2 593 482 647 694 
3 878 647 701 635 
4 463 436 592 703 

Av. 645 522 645 677 

II 20 s 2720 2610 3200 3290 
6 2770 2990 3340 4770 
7 2170 2610 3110 4030 
8 2660 3030 3430 3910 

Av. 2580 2810 3270 4000 

III 30 10 4180 4090 4540 4900 
11 3780 3310 4920 5970 
12 4120 4200 4800 5280 
Av. 4030 3870 4.750 5380 

IV 40 13 5520 5280 6180 7030 
14 5840 5380 6010 7070 
15 4510 4710 4100 
16 3740 3180 4730 4860 
Av. 4900 4640 5640 5770 

V 50 17 7610 7800 8260 9000 
19 5470 4920 6800 8100 
20 4050 4360 6700 6870 
Av. 5710 5690 7250 7990 

:eoncent-ations expressed as ppm flou.ide. 
Dry fat-free weight. 

Adapted from Suttie et al. (1958). 
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difference was related to the surface area per mas~ of bone which could be 

reached by budy fluids. Thus, adult bone is more fully mineralized while the 

infant bone is new, hydrated and available for fluoride exchange. 

Studies of humans have also shown that soft tissues are not important 

sites of storage for fluoride. For example, Smith et al. (1960) examined 122 

tissue samples from autopsies of 23 individuals who had lived in an area where 

drinking water contained from 1.0 to 4.0 ppm fluoride. No significant accumula­

tion of fluoride in heart, liver, lung, kidney or spleen was found. Fluotide 

concentration in the aorta did increase with age, probably because of 

increased calcification of the aorta with age rather than increased exposure 

to fluoride. 

In contrast to soft tissues, teeth (McClure and Likins 1951) and bone 

(Smith et al. 1953, Suttie et al. 1958) readily take up fluoride. Table IIt-4 

summarizes data from several reports on fluoride concentrations in human 

teeth. Fluoride concentrations in teeth are a function of dose and duration 

of exposure. Jackson and Weidmann (1959) detet'l:lined that the rate of increase 

of fluoride concentration in hWILdn teeth decreases with increasing age. This 

study demonstrated that in West Hartlepool. an English city with a drinking 

water fluoride concentration of 2.0 ppm, tt~ fluoride content of tooth enamel 

varied with age in the following manner: 5- to 11-years-old, 17t0.9 mg 

fluoride/100 g enamel; 20- to 35-years-old, )2t0.28 mg/100 g; SO- to 

73-years-old, 37t7.5 mg/100 g. 
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Table 111-4 Fluoride Concentrations (Expressed as ppm in Ashlin Dentine and 
Enamel at Different Levels of Fluoride Ingestion 

Fluoride in Ash <22m) 
b Enamel Dentine 

Reference Age Dose surface interior whole whole 

McClure & Likins Adult 0 .1 86 332 
-0951) 7.6 658 1958 

Jackson & Weidmann 20-49 yr <0.5 108 508 
(1959) 20-35 yr 1.2 180 922 

20-35 yr 1. 9 320 1290 

Jenkins & Speirs Adult <0.25 590 80 
(1953) 1.4 960 110 

2.0 1310 270 

Brudevold, 20-29 yr 0, 1 571 48 
Steadman & 1.0 889 129 
Smith (1960) 3.0 1930 152 --

5.0 3370 570 

a . 
bAll data for humans and 111elong exposures. 

Do_se in ppm fluoride in , .cer • 

• 
Adapted from WHO (1970). 
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Zipkin et al. (1956) studi~d fluoride concentrations in the bones of 

humans exposed to fluoride in drinking water at concentrations from O.J ppm 

(New York City) to 4.0 ppm (Lubbock, Texas). The authors found a linear 

relationship between the concentration of fluoride in water and the concen­

tration in bone. This study was not analyzed to account for the amount of 

time that individual subjects had lived in the designated areas. 

The concentration of fluoride in human bone also increases with duration 

of exposure. Smith et al. (1953) fo,·nd a linear relationship between age in 

years and concentration of fluoride in bone esh from lifetime residents of an 

area with a drinking water supply containing approximately 0.06 ppm fluoride. 

Fluoride concentrations as high as 1,300 ppm were observed in bone ash. 

Jackson and Weidman (1958) analyzed levels of fluoride in bone from residents 

of three English cities with different concentrations of fluoride in their 

drinking water: West Hartlepool, 1.9 ppm; South Shields, 0.8 ppm; and Leeds, 

less than·0.5 ppm. In each case, a plateau in bone fluoride concentration 

appeared at about age 55. The parameters i~fluencing whether or not 

concentrations of fluoride io human ~one plateau with increasing age are not 

understood (NAS 1971). In viev of the large intersubject variability, there 

may not be a true plateau. Also, at only 0.1 ppm fluoride in the water. a 

plateau mr.1 not be reached in a lifeti~e. 

Machle and Largent (1943) showed that when adult ham.ans absorbed up to 18 

mg of fluoride per day, about half of this amount was deposited in the skeleton. 

The fraction of the absorbed,dose of fluoride deposited in the skeleton 

III-18 



of younger persons is somewhat greater. For example, Zipkin et al. (1956) 

measured concentration~ of urinary fluoride in ·thildre~ and in adults before 

and after fluoridation of a community vat.er supply. In the adults, urinary 

fluoride concentration equaled that of the fluoridate~ drinking water after 

one veek .. In the children, three years passed before the fluoride 

concentration in urine approximated that of the ingested drinking water. 

In quasi-steady ~tate conditions of fluoride intake, a corresponding 

skeletal.concentration of fluoride is reached which then continues to increase 

slowly ~ith time. The skeletal concentration is related directly to the level 

of steady s~ate intake. The rate of uptake and retentior. in the bone declines 

with age, but ~~ether or not concentrations in the bone reach a plateau 

commensurate with the daily intake cannot yet be stated vith certainty. 'When 

intake is elevated above "normal" amt,unt~, either briefly or perhaps over 

several·veeks, approximately half of the additional absorbed fluoride will be 

deposited in the bone. U~on reestablishing the "normal" steady state, the 

excess fluoride retained in the bone also declines. There is no significant 

accumulation or retentio~ of fluoride in soft tissues. 

F. Summary 

Following ingestio~. soluble fluorides are rapidly absorbed from the 

gastrointestinal tract at le~st to the extent of 97%. Absorbed 

fluoride is distribu'ted throughout the tissues of the body b)• the blood. 

Fluoride concentrations in soft tiss~es fall to pre-exposure levels within a 
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few hours of exposure. Fluoride exchanges vith hydroxyl radicals of hydroxy­

apatite (the 1norganic constituent of bone) to form fluo:onydroxyapatite. 

Fluoride that is not retained is excreted rapidly in urine. In adults under 

steady state intake· conditions, the urinary concentration of fluoride.tends to 

approximate the concentrat~on of fluoride in the drinking wa~er. This 

reflects the decreasing retention of fluoride ~primarily in bone) with 

increasing age. Under certain conditions perspiration may be an important 

route of fluoride excretion. The concen~ration of fluoride retained in bones 

and teeth is a function of both the conce,•tration of fluoride intake and the 

duration of exposure. Periods of excessiv~ fluoride exposure will result in 

increased -retention in the bone. However, when the excessive exposure is 

eliminate~, the bone tiuorid~ concentration vill decrease to a concentration 

that is again reflective of i~take. 
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IV. HUMAN EXPOSURE 

Humans can be exposed to fluoride in drinking water, food and air 

(Letkiewicz 1984).. This section summarizes available pertinent information in 

order to assess the relative source contribution of fluoride from drinking 

vat~r, food and ·air. 

A. Exposure Estimation 

This analysis is limited to drinking water, food and air since these 

media_ are considered general sources of fluoride for all individuals. Some 

individu~ls may be exposed to fluoride from other sources, notably in 

occupational settings and from the use of consumer products containing 

fluoride. In limiting the analysis to these three sources, it must be 

recognized that individual exposure can vary widely based on several 

uncontrollable factors. Life style, food consumption and physiological 

characteristics (age, sex and health status) can all affect daily exposure and 

intake. Individuals living in the same neighbo~hood or. even in the same 

household can experience vastly different exposure patterns. 

Data and methods toe timate exposure of identifiajle population 

subgroups from all sources simultaneously have not .. yet been developed. To the 

extent possible, estimates are provided giving the number of individuals 

exposed to each mediua at various fluoride concentrations~ 
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B. Dr1nki~g Water Exposure 

It is estimated that over 86% of the 195,59~.000 people using public 

water supplies are exposed to fluoride at levels of 1.0 mg/Lor less; most 

(77.6%) are receiving vater containing fluoride at levels of 0.1 to 1.0 mg/L. 

Approximately 835,000 people in the U.S. are exposed to drinking water levels 

exceeding 2.0 mg/L. Approximately 90% of those exposed to fluoride at levels 

above 2.0 mg/L receive their drinking water from groundwater sources (Table 

IV-1). 

Table IV-2.presents the estimated daily intake of fl\ ride f~om drinking 

water for three population groups (a,~ult males, 5- to 13-year-old children and 

newborn formula-fed infants) as a function of the fluoride levels in drinking 

vater. The data indicate tha·t, on a per body weight basis, the drinking water 

intake of fluoride by children in the 5 to 13 age g•"oup is approximately. 1. 4 

times that of the adult male. The intake of newborn formulr •fed infants is 

more than eight-times that of adult males. The drinking water intake 

calculations used here do not include the f.actor for air temperature that is 

allowed for in the existing EPA and PBS standards. l'be basis for that 

relationship has recently been questioned (Coniglio 1984) and revised drinking 

water regc~ations are not expected to incorporate such a factor in the Maximua 

Contaminant Level (MCL). 
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System Type 

Groundwater 

Surface water 

.... Total 
,: 
I 

w (% of total) 

Table IV-I Estimated Population Exposed to ·Fluoride in Drinking Water at 
Various Conce~trat1on Ranges 

Number or Number. of 2•02le (thousands) ex2osed to fluoride at concentrations (mg/L) 
people served 

in u.s. 0.1- > 1.0- >2.0- >3.0- >4.0- >5.0- >6.0- >7.0-
(tbouo.:l'\da) <0.1 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 

69.239 3.067 61.552 3.872 408.9 163.1 105.S 56. l 9.3 2.0 

)26,35~ 13,548 90,132 22,590 71.8 6.0 5.1 0.04 2.7 0.4 -
195.595 16.615 151,684 26,462 481 169 111 56 12 2.4 

(100%) (8.5%) (77.6%) (q.5%) (0.2%) (0.1%) (<0.1%) (<O.J%) (<O. 1%) (<0.)%) 

of: 

>8.0 

).2 

0.08 -
).2 

~<0.1%) 



~ 
f 
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Table IV-2 Estimated Intake of Fluoride from Drinking Water 

Approximate percent of popu-
. a 

Drinking water intake per individual 
Fluoride concentration lation exposed to fluoride (mg/kg/da;!) 

in ·drinking water in drinking water at the .. ~ltb Children Newborn Fonnulff-
C (mg/L) indicated concentration ran1e males (5-13 year-old) fed infants 

0-2 99.6% 2.9 X 10-2 4.2 X 10-2 2.4 X 10-1 
. . 

,0-2 > 2-4 0.3% 8.6 X I. 3 X 10- 1 
7. 3 X 10-1 

> 4-6 < 0.1% 1.5 X 10-1 
2.J X 10- 1- 1. 2 

> 6-8 < 0.01% 2.0 X 10-1 ).0 X 10-1 
I • 7 

) 8 << 0.01% 2.9 X JO-I 4.2 X 10-1 
2.4 

a Calculations baaed on the midpoint of the indicated concentration range except for> 8 mg/L range, vhlch 
uaea 10 mg/L for the drinking water level; assumes 100% absorption. 

b Calculation baaed on an adult male weighing 70 kg consuming 2 L of water per day. 
c Calculation baaed on a 10 year-old child weighing 33 kg consuming 1.4 L of water per day. 
d Calculation baaed on an infant veighing 3.5 kg consuming·0.8 L of formula per day. 



c. Dietary Exposure 

Several estimates have been made of the daily dietary intake of fluoride 

in the United States (exclusive of drinking water). These are shown in 

Table lV-3. These estimates generally place fluoride. dietary intake in the 

range of 0.2 to 0.8 mg/day. 

In-contrast, Osis et al. (1974) reported a higher daily dietary intake of 

fluoride at 1.6 to 1.9 mg over a 6-year period in an area with a fluoridated 

water supply. Kramer et al. (1974) reported fluoride dietary intakes of 1.7 

to 2.4 mg/day in 12 cities using.fluoridated vater. In four cities using 

nonfluoridated water the intake.was 0.8 to 1.0 mg/day. Both of the~e studies 

used a method of analysis reported by Singer and Armstrong (1965). However, 

Singer et al. (1980) indicated that the method used in those studies would 

lead to an overestimation of fluoride. While these .values may not be 

quantitatively valid-. it is interesting to note that Kramer et al. (1974) 

provided useful data on the correlation of dietary levels observed in the 

various cities with the level of fluoridation of drinking water. While no 

direct correlation was observed for individual cities, the mean dietary leve~ 

in fluoridated cities was about three times that of the nonfluoridated cities, 

and the mean fluoride con~ent of the drinking water in fluoridated cities was 

also about three times that of non-fluoridated cities. 
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Table IV-3 Reported Daily Dietary Intake of Fluoride 
(exclusive of water) 

Source 

WHO (1970) 

NAS (1980) 

Underwood (1973) 

Hodge and Smith (1970) 

a Singer et al. (1980) 

a Excludes all beveTages. 

Category of Individual 

Age l - 3 
4 - 6 
7 - 9 

10 - 12 

Adult 

Adult 

Adult 

loung adult male 
(age 16 - 19) 
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Daily Intake (mg) 

0.027 - 0.265 
0.036 - 0.360 
o. 045 - o·. 450 
0.056 - 0.560 

0.2 - 0.3 

0.3 - 0.5 

0.3 - 0.8 

0.333 (San Francisco) 
0.378 (Buffalo) 
0.587 (Atlanta) 
0.368 (Kansas City) 



D. Air Exposure 

The information on levels of fluoride in air suggest that airborne 

fluoride contributes little to total daily intake. Assuoing that an adult 

male inhales 23 m3 air/day and absorbs 100% of the _inhaled fluoride, airborne 

fluoride present·at the usual limit of detection (0.05 ug/m3) would contribute 

about 1.2 ug/day to an individual's intake. This is to be compared to the 

estimated values of 200 to 800 ug/day for food and drinking water. 

E. Sumary 

Table IV-4 shows the relative source contribution of food, air and 

drinking water for the daily fluoride intake·for an adult male in the United 

States. The predominant sources of fluoride for the adult male in the United 

States are food and drinking water. Typical air levels of fluoride are 

extremely low. Kost fluoride air levels are below the limits of detection, 

usually 0.05 ug/m3• Fluoride at 0.05 pg/m3 would, with 100% absorption, 

J contribute only 1.2 ug/day to an adult mal~'s daily intake (23 111 /day 

respiration volume is assumed). For an adult. male weighing 70 kg, the 

. -s 
corresponding air dose is 1.7 x 10 mg/kg/day. The air contribution appears 

to be negligible exce?t when food and drinking water doses ~re zero. 

The food intake shown was derived from the data presented in Letkiewicz 

(1984), which suggested that the daily dietary intake ~as 0.2 to 0.8 mg/day. 

Assuming 100% absorption for a 70-kg adult male, these values correspond to 

-3 -2 / / 2.9 x 10 to 1.1 x 10 · mg kg day. 
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Table IV-4 Estimated Intake of Fluoride from the Environment by Adult Males 8 

-Estimated percent of the popu- Total intake per individ•aal 
Fluoride lation exposed to indicated in mg/ks/d•I (% from drinkins water) 

concentration fluoride concentration range Drinking water Food intake ~er 
in drinking from public veter supplies intakg· per indi- individual 

2.9xl0-J -3 (mg/kg/day): -2 
water (11g/L) (% of total) vidual (mg/kg/day) 7.lxlO I. Ix 10 

-2 3.2xl0-2(91%) -2 4.0xl0-2(72%) 0-2, 99.6% 2.9xl0 3.6x10. (81%) 

-2 8.9xl0-2(97%) 9.Jxl0-2(92%) 9.7xl0-2(89%) > 2-4 0.3% 8.6xl0 

-I 1.5xl0- 1(98%) l.6xl0- 1(95%) I .6xto-• (93%) > 4-6 < 0.1% I. 5x I 0 

( 0.01% 
-1 2.0xlo-• (99%) 2. lxlO-I (97%) 2. lxlO-l (95%) > 6-8 2.0xlO 

-I 2.9xl0-1(99%) 3.0xlO-I (98%) l.OxlO-l (96%) ) 8 << 0.01% 2.9xl0 

-5 
a Daily intake Crom air (estimated to be less than l.7xl0 mg/kg/day) considered negligible relative to food and 

drinking water. 
b Calculation baaed on an adult male weighing 70 kg consuming 2 L of water per day and using the midpoint of the lndlcated 

concentration range except for the> 8 mg/L range, which uaea 10 mR/L for the drinking vater·level. 
c Baaed on data showing the dailr3adult dietary intake of fluorid! 2ranging from 0.2-0.8 mg/day and a 70-kg adult (2.9xl0-3 

mg/kg/day• 0.2 mg/day; 7.lxlO mg/kg/day• 0.5 mg/day; l.lxlO mg/kg/day• 0.8 mg/day). 



Under the typical drinking water exposure condition of about 1.0 ms/L, 

drinking water accounts for an estimated 72% to 91% of total fluoride intake 

for the adult male, with food contributini the remainder. Where drinking 

water levels exceed 2 mg/L, the contribution from drinking water is generally 

expected to exceed 90% of total intake. 

A similar comparison of relative source contribution is shown in Table 

IV-5 ,o~ 5- to 13-year-old children. As in the case of the adult male, the 

contribution from air is negligible relative to drinking water and food. 

Under the typical drinking water exposure condition of about 1.0 mg/L, 

drinking water accounts for 6~% to 97; of ~otal fluoride intake. Where 

drinking water levels exceed 2.0 mg/~, drinking water accounts for more than 

90% ~f total intake. 
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Table IV-5 a Estimated Intake of Fluoride from the Environment by 5-13 year-old Children 

Fluoride 
concentration 

in drinking 
vater (mg/L) 

0-2 

) 2-4 

> 4-6 

, 6-8 

> 8 

Estimated population of 
5-13 year-old chlldreh exposed 
to indicated fluorl~e concen­
tratlol'! range from guhl le 

water aupplie11 

26,039,f,00 

86,800 

22,JOD 

1,900 

400 

Drinking water 
intake per indl­

c vidual (mg/kg/day) 

4.2xl0 -2 

I. 3xl0 -I 

2. lxlO -I 

3.0xlO -I 

4. 2x 10 -I 

Total intake per individual 
tn mg/kg/day(% from drinking water) 

Food intakedper 
individual 
(mg/kg/day): l.lxl0-3 l.3xl0-2 2.4xlo-2 

4.3xl0- 2(97%) 5.5xl0-2(76%) 6.6xl0- 2(64l) 

I • Jx I 0- I ( 99%) I .4xl0-I (91%) I. 5x I 0-I (84%) 

2. lxlO-I (99%) 2.2xl0-I (94%) 2.3xl0- 1(90t) 

J • Ox I O - I (I 00%) 3.lxl0-1(96%) 3.2xl0- 1(9Jt) 

4. 2x I o- 1 (I ooz) 4.lxl0- 1(97%) 4.4xl0-I (96%) 

-5 
a Daily intake from air (estimated to be leas than 2,3xl0 mg/kg/day) conalder~d negligible relative to food and 

drinking water, 
b Baaed on 1981 data provided in Statistical Abstract of the United States 1982-83 showing I), 37% of the total U.S. 

population fallln1 ln the 5-1) year-old age group. 
c Calculation baaed on 10 yearrold child weighing 3) kg co~sumlng 1.4 L of water per day using the midpoint of the 

indicated concentration range except for the> 8 mg/L range which uaea 10 mg/L for the drinking water level. 
d Baaed on data aho~lng the dally dletary_!ntake of fluoride for children ng!2 4-12 to range from 0.0)6-0.56 •&~day and 

aaauming a body weight of 3) kg (l,lxlO mg/kg/day• 0.016 mg/day; 1.JxlO mg/kg/day• O.JO mg/day; 2.4xl0 •R/kg/day 
• 0.56 mg/day), 



V. HEALTH EFFECTS IN ~NIMALS 

A. Acute Toxicity 

The toxicological effects of fluoride in animals are suUDDarized below. 

To provide a common basis for comparison of·individual studies, all dos~ 

values have been expressed in terms of milligrams fluoride per kilogram body 

weight (mg/kg). Where the literature provided dose information in alternative 

units (i.e., ppm in drinking water), the dose in term~ of mg/kg has been 

calculated and shown parentheti~ally in the text. (a) 

Leone et al. (1956) described the acute and subacute physiological and 

pathological effects of fluoride (as sodium fluoride) administered 

intravenously and orally to male and fe111ale dogs. When fluoride vas infused . 
intravenously in fQur dogs at the rate of 5.4 mg F/min, the mean acute lethal 

dose was 36.0 t 0.5 mg F/kg with death occurring after 59 to 64 minutes of 

infusion. The principal effects observed were a progressive decline in blood 

pressure, heart rate, central nervous system activity (pupil size, response to 

light, tendon reflexes) with vomiting and defecation. All effects·became 

(a) Equation for conversion of dose values from ppm in drinking water to 

mg/kg: 

ppm in 
drinking x 1 mg/L x Daily Water 

Dose, mg/kg s 
water 1 ppm Consumption, L 

(Animal Weight, Kg) 
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evident wh~n the infused dose reached approximately 20 mg F/kg. At a mean 

dose of 30.6 mg F/kg, the respiratory rate was depressed and ~lectroca~dio­

graphic changes indicated a conversion to atrioventricular nodal or ventricular 

rhythm. The terminal cardiac event was either ventricular fibrillation or 

asystole. 

In a serarate study by Leone et al. (1956), dogs were infused at the rate 

of 5.4 mg F/min to total doses of 25, 20 and 15 mg F/kg and the animals 

observed until death or sacrifice. The number of dogs at each dose was 3, 2 

and 4, respectively. Dogs receiving 25 mg F/kg died within 1 to 31 hrs after 

infusion. One of the dogs administered 20 mg/kg died after 36 hours and the 

second died after seven days. None of the dogs receiving 15 mg F/kg died. 

These animals were sacrificed 36 hrs, 7 and 16 days after infusion. The 

approximate LD50 from this study was estimated to be 20 mg F/kg. The major 

effects observed were vomiting, defecation and central nervous system 

depression. 

In a third study, two dogs were administered a dose of 5 mg F/kg, infused 

at the rate ~f 1 mg F/min daily for 23 days. There were no deaths nor 

evidence of toxic effects or weight loss, and the eleLtrocardiogrm,s were 

nonl!dl, However, blood ~ressure a~d r~sp1 :atory rate were not measured. Four 

dogs were also evaluated in a very limit~d oral study. Each deg was 

administered a single oral dose of s~dium fluoride. The doses administered 

were 38, ·81, 260 arid 3,!00 mg F/kg. The principal effects observed were 

vomiting . .and frequent defecation.· Each dog app~ared to recover completely 

within 18 to 24 hours. 
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During these studies by Leone et al. (1956) serum calcium levels were 

measured in dogs receiving total doses of 36, 25. 20 or 15 mg F/kg 

intravenously and in the one dog administered 3,100 mg F/kg orally. In one 

instance the calcium concentration increased slightly, in one instance it was 

unaltered, and in the remaining dogs it was lowered slightly from predosing 

levels. No statistically significant conclusions can be drawn from these 

observations. Microscopic examination of tissue reactions from sll dogs dying 

after fluoride administration, and in one animal sacrificed 36 hours after 

receiving 15 mg/1.g total dose, showed g~neralized.hyperemia and acute focal 

hemorrhages. All other animals shoved sc;,me focal hyperemia and focal 

hemorrhages, but these were no more severe than were seen in the control dogs. 

In essence, the find~ngs of Leone et al. (1956) provide no evidence of 

cumulative effects f-ollowing daily administration of sublethal doses of 

fluoride for up to 3 weeks. The physiological effects and pathological 

changes seen in dogs resemble those reported for humans (Lidbeck et al. 1943). 

The pathological studies performed did not identify a specific mechanism of 

death, though direct toxic cellular effects cannot be discounted. 

The acute toxicity of NaF in fasted male white mice of unifom weight (10 

grams) was also studied t; Leone et al. (1956). The o~al LD50 and intravenous 

I.D
50 

were evaluated in groups of ten or more mice. The arbitrary endpoint was 

24 hours after administration. The oral ·LD50 with standard error was 46.0tl.6 

mg fluoride ion/kg compared with an intravenous LD50 of 23.0t0.9 mg/kg. Mice 

dying within two hours after injection developed, successively: cyanosis, 
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dilation of the ear vessels, depressiQn. of respiration, tremors, clonic 

convulsions, paralysis of the hind legs, loss of righting reflex, depres~1on, 

respiratory arrest and death. Those with longer survival periods (2 to 24 

hours) went through similar but less severe stages, progressin~ to a long 

terminal depression. 

Maynard et al. (1951) studied the effec~s of age and sex on the acute 

lethality of NaF in rats. The rats were given an intraperitoneal dose of 
• 

26 mg NaF/kg, the approximate tn50 for animals weighing 200 to 300 g. At less 

than seven months-of-age both sexes seemed to be resistant to NaF toxicicy, 

with the females less resistant than the males. At seven months or more, 

there were no differences between the sexes. These data are summarized in 

Table V-1. 

These studies of acute fluoride toxicity are a representative sample of 

those available. They illustrate the essent~al characteristics. Other 

published studies of acute fluoride toxicity do not differ ~ignificantly in 

their content. 

B. Chronic Toxicity 

In practical terms, chronic effects of excessi~e exposure to fluoride 

have been most important in domestic animals, especially cattle (NAS 1971). 

For thi& reason. the chronic toxicity of fluoride has been sLudied mainly in 

cattle and ·in sheep. 
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Table V-1 Effects of Age on Toxicity of Sodium Fluoride in Rats 

Male Albino Rats Femaie Albino Rats 

Mort:ality Mortality 
Age Av. Wt. No. rats in 24 hr Age Av. Wt. No. rats in 24 hr 

(months) (gram~) used (%) (months) (grams) used (%.) 

l 90 25 0 ) 19 25 0 

2 229 25 0 2 164 25 16 

3 288 25 8 3 174 25 4 

4 297 25 12 4 190 25 28 

7 361 25 84 7 213 25 80 

12 336 25 92 12 219 25 92 

8»o·se, 26 mg NaF /kg; Concentration, 20 mg/mL Water. No mort:ality was produced at 
a dose of 20 mg NaF/kg in comparable animals. 

Adapted from Maynard et al. (1951). 
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The studies discussed in this section are a representative sample of 

those available. The conclusions from the studies selected are consistent 

with those not discussed herein. The material presented was selected for the 

quality of the research effort that generated it and for its illustration of 

the essential characteristics of fluoride toxicity. 

1. Bone 

Suttie et al. (1961) exposed Holstein calves to dietary NaF. At the 

start of the experiment the calves were 6- to 27-weeks-old. Sodium fluoride 

was added to their diet to supply 1.0, 1.2, 1.4, 1.6 and 2.0 mg fluoride/ 

kg/day. The majority of the cattle were removed from the experiment either 

during or at the end of the second lactation period. Length of exposure in 

calendar time was not specified and varied from animal to animal. Severe 

fluorosis (characterized by rapid weight loss, general deterioration of 

condition, intermittent 1ameness and stiffness) was consistently associated 

with a skeletal fluoride concentration greater than 5,500 ppm. This 

concentration was reached by the first lactation in cows recei~ing 2.0 mg 

fluoride/kg/day and by the second lactation in cows receiving 1.6 mg 

fluoride/kg/day. The authors stated that a fluoride level in bone in excess 

of 5,500 ppm is one of the most reliable i-dices of fluoride toxicosis. 

Shupe et al. (1963) studied the effects of dietary- fluoride on 32 

Holstein-Friesian dairy heifers. The animals received 12 (normal). 27, 4? or 

93 ppm fluoride (equivalent to 0.30, 0.64, 1.17 and 2.08 mg/kg/day) on a total 
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dry matter ba~is in their diet from a~e three to four months until 7.5 years. 

Eight animals vere used in each of the four dose groups. Changes. in bone vere 

marked at 93 ppm (2.08 mg/kg/day)y moderate at 49 ppm (1.17 mg/kg/day) and 

very slight at 27 ppm (0.64 mg/kg/day). There vere no discernible effects o~ 

bone at the 12 ppm level (0.30 mg/kg/day). These data are summarized in Table 

V-2. 

Affected bones appeared-chalky white and had roughened, irregular per­

iosteal surfaces. They were also larger an4 heavier than normal. Puffy 

joints and intermittent lameness developed in some cows in which osteofluorotic 

lesions vere palpable. Shupe et al. (1963) considered lameness and stiffness 

to be inconclusive measures of fluoride toxicity. Bone lesions were scored 

according to ~he scheme in the legend of Table V-2. 

Fluoride concentrations in dry. f~t-free rib biopsy samples increased 

with increasing time of exposure for all dose groups. After 7.3 years (2,663 

days) the fluoride concentration was approximately 900 ppm in animals on the 

normal diet. At this same time, the rib fluoride concentrations were 

approximately 2,500, 5,500 and 8,200 for the cattle receiving 27, 49 and 93 

ppm fluoride in the ration, respectively. The rate of increase with time was 

greatest in those cattle ,dministered 93 ppm fluoride. The fi~st clinically 

discernable bone lesions appeared on the medial surface of the proximal third 

of the metatarsal bones and vere bilateral. These effects vere observed aft,r 

1.5 to 2 years in cattle on the 93 ppm fluoride ration and after 3.5 to 4 

years in cattle on the 49 ppm fluoride r~tion. As the degree of· osteofluorosis 
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TA~le V-2 F.ffects of ln~e~ted FluoTide on DaiTv Cattle Fed 
Various Levels of Sodium Flu~rtde From 4 Months t~ 

F tn aoistur•-fr•• dt•t 
(pp•) 

Teeth class1f1cationb 
Ctncifors) 

Teeth cl~s•iftcationb 
(aolarsl 

Fin bone (ppa,l 
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binci•ors (average classification of el'llpted pennanent teeth dearee of fluoride effects): 0-n~nnal, 
1-questionable, 2-slight, 3-aoderate, , .... Tked, S-excesstve. Molal's (avera,e classification deiree 
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Adapted fros Shupe et al. (1963) • .. 
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increased, palpable hyperostoses appeared in the rami of the mandihular bones, 

and the 7th through 12th ribs became wider and thicker. The degrees of 

periosteal hyperostosis were classified as O • normal, 1 • questionable, 2 • 

slight, 3 • moderate, 4 • marked· and 5 • excessive. Cattle on the normal diet 

were scored as normal through 6 years of age. Those cattle on 27 ppm ration 

were scored O to·1 through 6 years; those on 49 ppm ration were scored Oto 2 

at 2 years, 0 to 3 at 4 years, and Oto 4 at 6 years; and those on 93 ppm 

~ation were scored Oto 3; 0 to 4 and Oto 5 at 2, 4 and 6 years, 

respectively. Radiographs taken at age 7.5 years (approximately 7 years on 

fluoride) showed increased coarsening and thickening of the trabecular pattern 

with a ground glass appearance for cattle on the rations containing 49 and 93 

ppm fluoride. Periosteal hyperostosis, subperiosteal increased density in 

-some cases, endosteal and cortical porosity, and mineralized spurs at points 

of attachment of tendons to leg bones were also obseI"'•ed at these dose levels. 

In the study-of Shupe et al. (1963), no effects at any exposure level on 

hoofs, soft tissues or blood were found. Milk prodµction was only affected 
~ 

after clinical signs of skeletal fluorosis, lameness and molar abrasion had 

developed. These observations imply the animals were not able, because of 

their advanced skeletal and dental fluorosis, to maintain a nutritional level 

.adequate for milk pr~duction. Effects on milk product~on .,ere found in the 

cows exposed to 49 and 93 ppm (1.17 and 2.08 mg/kg/day) fluoride. Suttie et 

al. (1957b) also found that the effects of fluoride on milk production were 

secondary to other c~inical signs resulting in curtailed feed intake. 
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2. Teeth 

Suttie et al. (1957a) added NaF to the ration of 24 Holstein heifers 

divided into six gr9ups of four each. The animals were approximately two­

years-old at the start of the experiment and exposure ·to fluoride wc:1s 

maintained for 5.5 years. Fluoride was mixed with the diet so that the cattle 

received 20, 30, 40 or 50 ppm added fluoride per day on the basis of dry feed 

weight (four animals per dose). These concentrations were equivalent to 0.53, 

0.86, 1.03 and 1.36 mg/kg/day, respectively. The earliest observable indica­

tion of excessive exposure to fluoride was a mottling of the growing teeth. 

Mottling was scored according to the scheme of Hobbs et al. (1954), as 

follows: 

Classification Description 

1 Normal Tooth 

2 Questionable Effect 

3 Marginal Effect 

4 Definite Effect 

5 Severe Effects 

The latter two ratings are characte.ized by varying degrees of h_,rpoplasia 

of the enamel and tooth. Slight mottling and wear (scored 3, marginal) was 

observed on the fourth incisors of th~ animals ingesting 0.53 mg/kg/day. 

Animals ~ngesting 0.86 to 1.36 mg/kg/day had teeth which were scored 4 or 5. 

These dats, r~flecting the results following 5.5 years of fluoride exposure, 

are summarized in Table V-3. 
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Fa 
Lot Added 

I 0 

11 20 

111 30 

IV 40 

V 50 

Table V-3 The Effects of Fluoride Fed as NaF on 
Various Physiologic Responses in Heifers 

Av. Calf Av. Score of 
Av. Bone Fa Incisors 

Fecal Fa (dry fat Milk F Pair Pa·ir 
(dry wt.) free wt.) ,(whole milk) 3 4 

)4 ll 0.)6 l l 

86 0.3) 3 0.29. 

27 136 0."30 2 4 
0.38 

30 104 4 5 

37 )40 0.27 4 5 0.44 

Av. No. of, 
Services 

2. l 

J.5 

2. l 

2.3 

2.2 

~alues are expressed as ppm fluoride. 
bAverage number of services per cow per year required for conception. 

Adapted from ·suttie et al. (1957a). 
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Subsequent to the appcArance of effects on dentition, a total of four 

anlmals, twt' in lot IV and two in lot \l,, developed svmptot of fluorosis. 

These symptoms and their sequence were: 

1. A refusal of fluoride-supplemented foods. 

2. Excessive weight loss. 

3. Stiffness in the legs with resulting lameness. 

These effects were sufficient to debilitate the animals within several 

weeks. Such symptom~ of fluorosis were not seen in the groups exposed to 30 

ppm fluoride or less. 

In the study of Shupe et al. (1963), pairs of heifers (three- to four­

months-old) received 12. (normal), 27, 49 or 93 ppm of fluoride (equivalent to 

0.30, 0.64, 1.17, and 2.08 mg/kg/day) on a total dry matter basis in the 

ration. In addition, each ration was supplemented with one of two levels of a 

concentrate or one of two levels of a Ca-P mixture. The experiment, 

therefore, included 32 animals divided into pairs among 16 t~eatment groups. 

The experiment continued until the animals were 7.5 years-old. 

DeF·:nding on the amount of fluoride ingested, affected teeth erupted with 

diffe~ent degrees of mottling, staining, hypoplasia and hypocalcification. 

Dental fluorosis was scdred according to the scale described in Table V-2, 

which is essentially the same as that of Hobbs et al. (1954) and the follo~ing . 
tooth classifications were established: 
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(0) Normal: aznooth, translucent, glossy white enamel; tooth normal 

shovel shape. 

(1) Questionable effect: slight change, exact cause not determined; may 

have enamel flecks; cavities may be unilateral or bilateral but with 

the absence of mottling. 

(2) Slight ·effect: slig!'lt" mottling of enamel; may have slight staining 

but no wear; teeth normal shovel shape. 

(3) moderate effect: definite mottling and staining of enamel; coarse 

mottling (large patches of chalky enamel); teeth may have slight 

signs of wear. 

(4) Marked effect: definite mottling, staining and hypoplasia; may have 

pitting of enamel; definite wear of teeth; enamel may be a pale 

cream coior. 

(5) .Excessive effect: definite erosion of enamel with excessive wear of 

teeth; staining and pitting of ~namel may or may not be present. 

In cattle consuming t.he highest dose _of fluoride (i.e., 93 ppm in the 

ration) the incisors were classified as 4 to 5, beginning as early as 2 years 

of age. The molars were classified as Oto 3· at 2 years-of-age, l to 4 at 4 

years and 1 to 5 at 6 years. For cattle at the dose of 49 ppm, the incisors 

were scored as 3 to' beginning at 2 years. In these same ~nimals, the molars 

were scored as Oto 1 at-2 years, l to 2 at 4 years, and 1 to 3 at 6 years. 

In cattle ·administered 27 ppm fluoride, the incisors were scored as Oto 2 

through 6 years-of-age and the molars were scored as Oto l through 6 years. 

J~cisors and molars of cattle administered the normal ration (12 ppm fluoride) 

were scored Oto l throughout the 6 years. Th~s, the cattle administered the 
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diet containing 27 pp~ .C0.64 mg/kg/day\ fluoride nearly represent~ an~ effect 

level (NOAEL). 

The effects of water-borne fluoride on sheep have been studied by Peirce 

(1959). Mature ewe~ (total of 150) were divided into three groups: Group A 

(control) was given drinking water having 0.3 ppm fluoride; fluoride was added 

to the drinking water of groups B ~nd C so that they were exposed to 10 and 20 

ppm fluoride, respectively. "'hese ewes were mated ,,ver a period of six weeks 

and all. the off spring were weaned when the youngest lamb was three-oonths-old. 

At this point the mcthers were removed from the experiment. The experiment 

was continued until the younger animals (group A, 21 wethers and 11 ewe lambs; 

group B, 17 wethers; group C, 20 ~ethers and 10 ewe la.J:1bs) were aloost 

seven-years-old. During the course of the experiment the animals drank almost 

nothing in the winter months and up to 3 to 4 L/day in the summer. For the 

whole experiment, mean int3kes of fluoride were 0.25 mg/kg/day for group Band 

0.48 mg/kg/day for group C. 

~ 

Weight gain was not significantly affected by treatment with fluoride at 

any point in the experbi;.nt. Wool production was reduced in the groups 

receiving added fluoride in their drinking water. Sheep in gr~ups Band C 

sho~e.d characteristic signs of dental flu~rosis. These included mcttl!ng of 

incisors and molars, selective abrasior. of the molars and wear of various 

typ,es and degrees of s•verity on the incisors. The degree of mottling and 

erosion was slight in the sheep of group B but was se..-ere in those of group C-. 

Only one antmai in gro_up C appeared to~ be unaffected. Selective abrasion of 

molars occurred in about 25% of the sheep in group Band in all but two of the 
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sheep in grour C. In addition, the abrasion was more severe in group C. The 

fluoride- content of bones and teeth was significantly increased in animals in 

groups Band C. See Table V-4 for a summary of these data. 

3. Reproduction 

The effect of fluoride in drinking water on the reproductive efficiency 

of Afrikander heifers was studied by Van Rensburg and De Vos (1966). At the . . 

start of the experiment the heifers were from 2.5- to 2.75-years-old· and were 

free from tuberculosis, brucellosis and coital diseases. The animals ~ere 

divided into five groups of ten animals each and breeding was started nine 

months after the etart of the experiment. During the first two seasons the 

animals were served naturally, while artificial insemination was u~ed in the 

last two seasons. Defluorinated superphosphate was added to the drinking 

water of some experimental groups (see Table V-5) at the rate of 1 g 

phosphorus/gallon. This was done in order to test ~he hypothesis that 

phosphate might retard the action of fluorine. 

Table V-5 summarizes the fluoride exposu·. data and the breeding records 

of these animals. Inspection of these data shows that cows receiving 5, 8 or 

12 ppm fluoride in drink_ng water (estimated to equal 0.55, 0.88 and 1.32 

mg/kg/day, respectively) suffered significant decreases in calving _rates 

(Figure V-1). The authors state that in Afrikander heifers not exposed to 

excessive fluoride, reproductive efficiency normally increased during the 



Table V-4 Fluoride Concentration in Bone& and Teeth 
o! Sheep Drinking Fluor1de-Su~p1emented ~ater 

H.etacareus Rib Molars 
Fluoride Fluoride Fluoride fluoride F1~.;ride Fluoride Fluori~e 
c~ntent in in in ir, in in 

Experimental of Wal.:r Ash Bone 8 Ash Bone a Ash Teeth a 

Group (ppm) (%) (%) (%) (%) {%) (%) 

A 0.3 0.12 0.08 0.15 0.10 0. 11 0.08 

B 10 o. 35 0.25 0.41 0.26 0.26 0. 21 

C 20 Q.40 0.29 0.46 0.30 Q.34 0. 27 

a Calculated on·a dry, fat-free weight basis. 

Adapted from Peirce (1959). 
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Table \'-5 Breedins Efficiency Over Four Breeding Seasons of Five Croups 
on Different Levels of Fluorine Intake, With and Without 

Added Defluorinated Superphosphate 

Breeding Seasons 
Group l 2 3 4 

1 
9 Heifers No. served 9 8 8 6 
5 ppm fluorine No. of services 9 8 12 8 

No. concei:ved 8 8 6 4 
-Services per conception 1.12 1.00 2.00 2.00 
'Calving rate(%) 88 88 66.7 44.4 

2 
10 Hdf ers No. served 10 6 9 8 
8 ppm fluorine No. of services 14 6 15 11 

No·. conceived 8 6 6 5 
Services per conception l. 75 1.00 2.50 2.20 
Calving rate (%) 80 60 60 50 

3 
10 Heifers No. served 10 ·9 9 5 
5 ppm fluorine, No. of services p 10 9 6 

plus defluori- No. conceived· 8 9 7 3 
nated super- Services per conception 1.50 1.11 1.28 2.00 
phosphate Calving rate (%) 80 90 70 30 

4 
10 Heifers No. served 10 6 10 8 
8 ppm fluorine, No. of services 15 6 13 11 

plus defluori- No. conceived 9 6 5 1 
nat~d sup~r- Services per conception 1.67 1.00 2.60 1-1.00 
phosphate Calving rate(%) 90 60 50 10 

5 
10 Heifers No. served 9 5 6 7 
12 ppm fluorine, No. of services 10 5 11 15 

plus defluori- t:o. conceived 9 4 2 1 

nated super- Services per conception 1.11 1.25 5.5.0 15.00 
phosphate Calving rate (%) 90 40 20 10 

Total for 49 No. served 48 34 42 34 
heifers No. of services 60 35 60 51 

No. concei\•ed 42 33 26 14 
Services per conception 1. 43 1.06 2.31 3.64 
Calving rate(%) 85.7 67.3 53.1 28.4 

Adapted from VanRensburg.and DeVos (1966). 
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period over which this study waF C'Onducted. The deleterious. effects of 

exposure to exce!;&ive f luorid~ on reproductive performa-nce preceded the 

development of clinical signs of fluoro~is. This is significant as it sug­

gests that the reproductive effects were not a consequence- of 111 health 

secondary to skeletal or dental fluorosis. Ho~ever~ by the end of the fourth 

breeding season, general ill health, loss of appetite, and erosion and 

mottling of teeth were increasingly evident. 

Defluorinated superphosphate tended to exacerbate rather than mitig~te 

the toxicity of waterborne fluoride (Table V-5). Van Rensburg and De Vos 

(1966) speculated that the defluorinating process may not have been con:;,letely 

effective and that the animals receiving defluor:1nated superphosphate m,J~ 

actually have been exposed to higher than indicated concentrations of fluoride. 

Therefore, the data for exposure grollps 3, 4 and 5 should be interpreted ,dth 

caution. 

Suttie et al. (1957a) added NaF to the diet of Holstein heifers. The 

animals were two-years-old at the start of the experiment and exposure to 

fluoride was continued for 5.5 years. Fluoride was mixed in the ration so 

that the cattle received 0.53, 0.86, 1.06 and 1.36 mg added fluoride/kg/day. 

Over the course of this .·xperiment there was no effect on reproduction as 

measured by the average number of services per conception. Other indices of 

reproduction were not evaluated in this study. 

Hobbs and Merriman (1962) studied· the effect of NaF on reproductive 

pe~fot'Clance in Hereford heifers. These animals were free from tuberculosis 
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and Bang's diseas~ and were inununized against brucellosis. Sodium fluoride 

was added to fee~ s~ that over the nine-year period o! exposu~e, groups of 

three calves received 0.17. 0.39, 0.S9. 0.91, 1.03, 1.24. 1.S6 and 1.96 mg 

fluoride/kg/day. The cows were yearlings at the start of the experiment. 

They were bred f1rst when two-years-old, then at yearly intervals for nine 

years. The breeding records of these animals are sum.:iarized in Table V-6. It 

is apparent that there was some deficit in reproductive performance associated 

with exposure to l.S6 and 1.96 mg/kg/day. Exposure to less than 1.56 

mt/kg/day did not have an obvious effect on reproductive performance. 

The effect of fluoride exposure on reproductive performance in sheep was 

studied by Peirce (1959). He determined the percentages of la~bs born by two 

generations of experimental ewes (for example, 10 ewes giving birth to 10 

lacbs would be 100%). The first generation was divided into three groups of 

approximately 50 ewes/group (group A, control; group B, 10 ppm or 0.25 

mg/kg/day; group C, 20 ppm or 0.48 mg/kg/day). The percentages of ewes vhich 

produced l~bs were 93%, 98% and 96%, respectively. The actual percentages of 

lambs born vere 115%, 124% and 121%, respectively. The second generation ewes 

retained in the experiment (11 in group A and 10 in group C) were mated first 

at age 18 months and thereafter at yearly intervals for a total of s!x 

gestat~ons. The relevant data are ~ummarized in Table V-7. These data sh~~ 

that provision throughout gestation of drinking water containing 10 or 20 pp~ 

fluoride had no adverse effect on reproduction in these sheep. 
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Table V-6 Reproductive PerforDAnce of Hereford He1!erg Exposed to 
Dietary Naf f~r Nine Years 

Dose No. of Cows No. of Cows Total ·Number Cal vings 
of Fluoride At Start of At End Of No. Calving& Expected If 1 

(mg F /kg/day) Experiment Experiment Over 9 Seasons Calving/¥ear/Cow 

0 .17 3 3 17 27 
0.39 3 3 18 27 
0~59 3 la 11 16 
0.91 3 3 23 27 
l.03 3 3 17 27 
1. 24 3 3 20 27 
1.56 3 3b 12 27 
1.96 3 2 6 22 

Actual 
: of 

Expected 
Calvings 

63 
67 
69 
85 
63 
74 
44 
27 

8 0ne animal died in first year of experiment; one animal sacrificed in seventh year 
bof experiment. 

One anin:al sacrificec in fifth year of experiment, 

Adapted fr~m Bobbs and Merriman (1962). 
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Table V-7 Effect of Fluoride Exposure on Reproducti\'e Perfonr.ance of Sheer 

CrouE A 
a 

Ewes Ewes Lambs Ewes 
'Year Mated Lambed Born Mated 

1952 11 10 11 10 

1953 11 11 13 9 

1954 11 10 14 9 

1955 ! 1 10 11 9 

1956 10 10 11 9 

1957 10 7 8 8 

Total 64 58 68 54 

Total as 
Percentage 
of ewes 
mated 91% 1061 

aControl ar.imals (0.3 ppm F iD drinking water). 
bTest animals (20 ppm Fin drinking water). 

Adapted fro~ Peirce (1959) 
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Croup C 
b 

Ewes Lambs 
Lambed Born 

8 9 

8 12 

9 1 3 

8 12 

9 16 

7 8 

49 70 

91% 130% 



l.. Growth 

Some specie~ differences ar~ evident in the effe~t of fluoride on growth. 

Growth is not affected in most species at JOO ppm fluoride in the diet (Hodg~ 

and Srn1th 1965), Cattle, however, appear to be more susceptible. Suttie et 

al. (1957a) reported that at 50 ppm added fluoride, attainment and maintenance 

of the adult body weight was slightly depressed in a study on Holstein heifers 

fed rations contain~ng 0, 20, 30, 40 or 50 pp~ fluoride. In the study of 

Shupe et al. (1963) (see Section V.~.l.), Holstein heifers were fed rations 

containing 12 to 93 ppQ fluoride; according to the analysis of Stoddard et al, 

(1963), growth was not significantly affected at any of these levels. Hobbs 

and Merriman (1962) reported that, in a ten-year study, 10 to 100 ppm 

(estimated 0.17 to 19.6 mg/kg) fluoride as-NaF in the ration had no adverse 

effect on the body weight of cattle, -whereas 200, 300 or· 600 ppm (estimated 

3.92, 5.88 or 11.76 mg/kg, respectively) resulted in lower weight. Peirce 

(1959) reported that ingestion of drinking water containing 0.3 to 10 or 20 mg 

fluoride/L (estimated 0.08, 0.25 or 0.48 mg/kg/day, respectively) by sheep for 

approximately seven years did not~significantly affect weight gain. Hobbs et 

al. (1954) reported that ewes given rations containing ~p to 100 ppm 

(estima~ed 2.4 mg/kg) fluoride as NaF over a three-year period showed n~ 

diffcr.ences in final weight cocpa1ed to control animals; weight gains we,·e 

decreased a_t 200 ppl:l (estimated 4.8 mg/kg). 
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5. Kidney 

Sufficiently high doses of fluoride have been sho'-"Tl to produce ·a vasopres­

sin-resistant polyuria reseobling nephrogenic diabetes insipidus (Rush and 

Willis 1982). Investigations into ~he mechanism of this effect have been the 

subject of several reports. Roman et al. (1977) found that rats (male, Fisher 

344 strain, weighing 250 to 350 grams), after four daily subcutaneous injections 
I 

of 7.6 mg fluoride/kg body weight (as NaF). shoved stati~tically significant 

(P<0.05) increases in urinary flo~. glomerular filtration rate, percent sodiu~ 

excretion and percent water excretion. They suggested that fluoride inhibits 

tubular resor.ption by inhibiting active chloride transport in the ascending 

limb of the loop of Henle. 

Rush and lol'i_llis (1982) have reported that fluorid~ inhibits sodium 

chloride absorption in the. asce"ding limb of Henle's loop and antidiuretic 

hormone-mediated water absorption across the collecting duct. In this study, 

rats (male, Fisher 344 strain, weighing 200 to 250 grams) received i~travenous 

infusions of 5.7, 27.9 or 41.8 ug fluoride/kg body weight/minute for 2.5 

hours. Whitford and Taves (1971) reported that in 16 female rats (weighing 

approxi1:1ately 200 g each, strain not mentioned) receiving 0.4 to 4 ug fluoride 

intravenously ove: a two-hour period, plasma fluoride cv~centrations of 950 

ug/L were associated with a definite increase in the r~te of urine flo~. From 

the above studies and many others with similar results·, it can be _concluded 

that the 41cute effects of fluoride on the kidney ar~ relat·ed to both the peak 

blood concentration of fluoride an_d the length of time the kidney is exposed 

to high r.oncentrations. 
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Hodge and.Smith (19h5) reviewed a number of chronic studies of fluoride 

ingestion by variou~ species, and concluded that histological ~nd functiona] 

changes can be seen after single doses of 20 to 30 mg)kg and thAt renal 

injuries do not develop when the drink!ng water contains less than 100 ppm 

fluoride. 

6. Cardiovascular Sysr.em 

Leone et al. (1956) investigated the effects on blood pressure and heart 

rate of fluoride administered intravenously to dogs. Blood pressure and heart 

rate were decreased at doses of 20 to 30 mg fluoride/kg, and respiratory rate 

was increased. At 31 mg/~g, acriov~n-tricular nodal rhythm, ventricular 

tachycardia and ventricular fibrillation were evident. Caruso and Hodge 

(1965) reported that oral ad~inistration of 10 mg fluoride/kg in mongrel dogs 

(three males and nine females weighing 6.9 to 16.3 kg) did not evoke 

hypotension, 15 mg fluoride/kg decreased blood pressure in two of three dogs, 

and 23 or 36 mg fluoride consistently depressed blood pressure·in three dogs. 

Caruso et al. (1970) summarized published observations on the effects of 

fluoride on blood pressure in dogs and concluded that orally, a dose of at 

least 9 mg flu_oride/kg is required to bring about a h:rpotensive eff e"c:t. 

~odium fluoride intravenously increase" respiratory rate in proportlon t·o the 

decrease in blood pressure. Death was caused by respiratory arrest, the heart 

continuing to beat for a time after breathing stopped. Ventricular 

fibrillation occurred terciinally. Strubelt et al. (1982), hc~ever, concluded 

from their studies with male Wistar rats (weighing 340 to 420 g) that 
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cardiovascular failure resultin~ from cardiodepressive and va~odilating 

effects of fluoride, rather than respiratory depression, was the cause of 

death. 

Cffects on the electrophysiology and histology of the rabbit heart have 

been reported by Takamori (1955). In these experiments, rabb1ts {mature white 

ra~bits weighing 2 kg, 37 treated and 16 controls, sex not specified) received 

daily oral doses of 4.5, 13.5, 22.5 or 45 mg fluoride/kg (as NaF). Duration 

of the study is not clear from the report, though electrocardiograms are shown· 

for rabbits receiving 4.5, 13.5 or 22.5 mg fluoride/kg for 62, 20 or 59 days, 

respectively, and histological se·ctions are shown for I. .5 mg/kg at 132 days, 

for 30 mg /kg at. 19 and 51 da_ys, an~ for 50 mg /kg at 31 and ~O days. Th.a 

author indicated that electrocardiograms showed depressed ST, inverted T, 

prolonged QT inverval, multi-focal ventricular precature contraction, bundle 

branch block and pulmonary P. Bistologically, the heart muscle showed regres­

Jive degeneration, infiltration of cells, hyperemia, hemorrhages and thicken­

ing of the vessel walls. The effects were stated to be proportional to the 

amount of fluoride fed and the duration of the feeding. 

Complete histopathologic studies were done by Taylor et al. (1961) on 

surviving rats (albin~, male, Rochester strain, 75-days-old, weighing 200 to 

270 grams) sacrificed 30. days after receiving single injections of 3.6 to 21.7 

mg fluoride (as NaF)/kg given intravenously or intraperitoneally. No effects 

were seen in the heart, thyroid, lung, salivary gland, stomach, intestine, 

liver, adrenil; testis or femur. 
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In a chronic study rep~rted by Hansen (1978), mice (female, CSE mice. 3 

to 4-weeks-old, initially wei~l(ng 22.5 t~ 25.5 grams) were given drinkin~ 

water containin~ l to 6 mg fluoride (as NaF)/L for six months. No 

histol~sical effects attributable to fluoride were sec~ in the heart, stomach, 

intestines or bones. 

7. Thy,..oid 

The fact that iodine is tak~n up by the thyroid gland has led to a 

concern that fluorine, another halogen, might also become concentrated in this 

18 organ. Stu~ies with F, however, have shown this not to be the case; concen-

trations do not exceed those found in the blood (Hein et al. 1956). The 

available evidence indicates that structural and/or functional alterations in 

anicials are not produced at or below fluoride concentrations o! 50 mg/Lin 

drinking water (Hodge and Smith 1965, HaTris and Hayes 1955). 

C. Teratogenicity 

No infoI"'IIWtion on the teratogenicity of fluoride in animals was located 

in the published literature. 

D. Mutagenicity 

Mohamed and Chandler (1976) studied the·clastogenic effects of fluoride 

added as Naf to the drinking water of highly inbred cale mice. fhe mice 

weighed 20 to 25 grans at the start of the e_xperime~t. The· treatment le,·els 
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were 1, S, 10, SO, 100 and 200 ppm fluoride (estim~ted to equal 0.2, 1.0, 2.0, 

10, 20 and 40 m&lkg/day, resrect1vely). A total of 12 group~ of mice were 

used (72 mice in all). At each dose level, mice w~re exposed for either three 

weeks or six weeks. The authors reported that cytological studies on bon~ 

marrow cells and on spermatogenesis indicated the presence of fragments, 

bridges and other chromosomal abnormalities. 

The in vitro effects of NaF on mouse, sheep and cow oocytes and the in 

vivo effects of NaF on mouse oocytes were studied by Jagiello and Lin (1974), 

For the .!E. vitro experiments, oocytes were removed fro~ donor animals and 

incubated under conditions which stimulated meiosis. Sodiw:i fluoride was 

added in fetal calf serum to mouse oocytes at total concentrations fro~ 0.01 

to 0.4 mg NaF/mL, and in sheep serum to sheep and co...: oocytes at total concen·­

trations from 0.01 to 0.2 mg NaF/mL. Observed effects of NaF treatment included 

inhipition of division, atresia and fragmentation of chromosomes. Sheep and cow 

oocytes were more sensitive than mouse oocytes to these NaF treatments. For· 

!!!. vivo experiments, mice were treated parenterally with NaF. Oocytes were 

then harvested for the study of meiosis·. Several dosing regimens were used: 

A. 500 ug NaF/mouse, intravenous. 

B. 500 ug ~aF/mouse, subcutaneous. 

C. 250 ug NaF/mouse/day for 16 days, subcutaneous. 

D. 5 ug NaF/g body weight/day -for 35 days, S!Jbcutaneous. 

Meiotic abnonilalities were i:een in 6 of the 28 ·cells examined froc: 

regicen A. These were cells at metaphase II with fuzzy, indistinct borders, 
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and one cell had an abnormal anaphase-1-telophafie-l. None of the other 

reg~mens (B, C or D) resulted in the formation of abnormal oocytes. 

ln contra$t to the results of Mohamed and Chandler (1976), Kram et al. 

(1978) found no effect of 1'aF in drinkin·g watet on the frequency of sister 

chr?matid exchange in mice. Twelve-week-old mice were taken from colonies 

which had been maintained for at least the seven prior generations on a low­

fluoride diet (estimated to equal less than 0.1 mg/kg/day) or a high-fluoride 

diet (50 ppc - estimated to equal 10 mg/kg/day). Sodiuc fluoride was added to 

the drinking ~ater of the group exposed to 50 ppm fluoride. Sister chromatid 

exchange status was identified .in a separate laboratory with no kno~ledge of 

the fluoride status of the animals. No significant differe~ces in sister 

chromatid exchange status were found between the low- and high-fluoride 

groups. 

Data consistent with those of Kram et al. (1978) were obt~ined by Martin 

et al. (1979). Mice were taken from a colony that ha~ been maintained for·at 

least five generations on a diet containing 0.5 ppm fluoride {estimated to 

equal 0.1 mg/kg/day) and drinking water having O to 50 ppm fluoride. {estimated 

to equal Oto 10 mg/Kg/day) added as ~aF. Testis and bone marrow cells froc 

these mice w~rc subj~~ted to cytol~gi al analysis {number of breakj, 

fragments, deletions, multivalents and multiradicals). No deleterious effects 

of fluoride exposure on chromosomes from testis and bone marrow cells were 

found. See Table V-8, Experioent 1, for a suim:.ary of the ~ata. 
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Table V-R RQne Fluoride and Chromosomnl AbPrn1t1ons in Rone Harrc,v and 
Tel'ltfl'I Cells in }-flee Receivfnp. I.Inter _vith nffferPnt Fluoride Level!'I 

Bone-Harrow Cells Teat la Cella 
Bone Fluoride Ahl"rrat tons Aberr11ttone 

No. or g% ln No. of Celle io:""'",,·r R11te No. of Cella No. of R11te 
Croup !1lce /u1h Hice Scored Celh (%)a Hice Scored Cell11 (t)"' 

Experiment 
l.lfet tme 

0.000,t. 0.))b 0.6Sb 0 PP• F 9 0.0019 t 9 427 ) 0.67 ! 8 )99 4 1.00 . 
';O ppm F 6 O. Rfi t 0.01 7 279 I 0.7ft ! 0.2R 7 )50 2 O.'P • 0.H 

F.xperlment 2 

One ueek ---
0 PP• f 400 l) ). 2S ! l.00 4SO ) o. )1 ! 0.17 

Stx veeka 

0 ppn, F ,; 0.011 ! 0.001 s 750 ) I. 20 t 0.41J s lS4 0.40 ! 0.40 
O·ppm F 

+ TF.H 4 0.008 ! 0.001 4 122 18 12.SO ! 1.68 s 240 10 4.00 ! 2.61 
I ppm F 1(.1 0·.011 ! 0.001 9 )19 ) 0. 6 7 ! 0.47 10 ))6 s 1.0 ! 0.80 
i; ppm F 10 0.021 ! 0.001 7 )SO ) 0.86 ! 0. ')Q 10 424 2 0.40 ! 0.27 

10 ppm F IO 0.016 ! 0.002 B )16 I 0.42 ! 0.42 10 428 12 2. 7 • 2.0c 
so ppm F s O.ISI ! 0. i,l)CJ s 2SO l 0.60 ! 0.60 s 182 0.60 ! 0.60 

100 prm F lO o.zq,; ! 0.0111 8 )'}) ) 0 7S ! o. 5) 10 414 0. 20 ! 0.20 

•n,e aherr11tton rate (% cel111 e1u111rlned with aherratt.ona) wa11 rnlc11lated for each mouse 11nd the average f,r the Rroup and ha 
b~tnndard error are Riven. 

error of the mean. TheAe vnh••" repreflent the -.,m ! standard 
cone of th• 10 anfm11la 1:1 ttila group conta lnetl 9 cells vtth aherratlona among the 44 cellfl exa~lned. When th h an ltna l wa11 
excludl"d, rhe aberration ratr nlllflng the c.thn 9 antmala v11a 0.78 • 0.\7. 

Adnptrd r,nm Hnrtfn et nl. ( 1919) 



MaT~in et al. (1979) also maintained mice f~T six week~ on dr!nkins water 

conta1n1n~ l, 5, 10, 50 or 100 ppm fluoride (esti1:1ated to equal 0.2, 1 0, 2.0, 

10 o~ 20 mglkt/da~J as ~aF. These groups and .their controls did not d~ffer in 

average intake of food or fluid or in averaie weight gair. during the course of 

fluoride exposure. At the end of the exposure period bone mar-ro"'• and test is 
.. 

c~lls were examined for chromosomal aberrations. No significant differences 

betw~en control end exposed groups were found in rates of bone marrow chromo­

somal aberrations (see Table V-P, ~xperiment 2). Some heter~geneity in 

chromosomal aberra~ion rates in testis cells was found. This heterogenei:y 

~as attributable to one animal in the group exposed to 10 ppm fluoride. 

Statistical analysis of the data ~howed no significar.t effect of exposure to 

fluoride on the number of chromosom.il abnormalities in testis cells (see Table 

V-8, Expericent 2). 

The mutagenicity of NaF was tested in Salmonella tvohimurium and in 

Saccharomvces cerevisiae by Martin et al. (197~) (see Table V-9). Sodium 

fluoride was added to plates· at 0.1, 1, 10, 100 and 500 1,1g/piate, with and 

without mic:osomal enzyme preparations from rats treated with Aroclor 1254. 

There was no indication of mutagenic ar.tivity in this experiment. One test 

which .gave an elevated result {TAlOO) was repeated. There was no repetition 

· of t".e elevated result. 

E. Carcinogenicity 

~o information 0~ the carcin~geni~ potential of fluoride in animals ~as 

located in the literature. However, The National Cancer Institute initibted 
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·rnhle V-9 HutaRenlctty or Sodium Fluoride tn Htcroblal Systems: Number 

Salmonella tI2himurlum 
Te~t f.ond l t l on !I TA153'> TAl537 TAl538 TA9A 

'No ac:tlvatton 
Solvent control 18 21 I 1 24 
Posltl~e controls < 1000h <lOOOC <IOOOd < 1 oood 

Sodium fluor t de 
(ug/plate) 

o. 1 )0 I) JO 25 
1.0 21, 18 18 22 

10.0 20 23 20 21 
100.0 "I.I, 14 7 24 
500.0 27 14 8 8 

Act .tvat ion e 

Soive.ntcontrol 29 19 20 48 
Posttt+e controls 128[ >10008 627h > 1000h 

Sodium fluoride 
(ug/plnte) 

0. I 21 12 14 30 
1. () 3f, 14 9 37 

10.0 53 18 I 7 27 
100.0 Jf', 22 5 20 
500.0 '.)1 I q I 3 21. 

1000.0 
2000.0 

~Repent at hlgh levele of NnF with activation. 
b·N-Hethyl-N' -n i tro-N-nitroR,,guonid ine, 10 g/plate. 
~Qulnacr.ine mustard, 10 g/plate. 

2-Nttrofluorene, 100 g/plate. 

revertants/Plate 
TAIOO TA1008 TA1008 

132b 
795 

56 
165 
I 7 I 
I 4 7 
160 

239f 24) I 94 
·>lOOOf 148 71,8 

149 174 
209 156 
208 I 92 
2R7 l'H 
464 261 206 

2'> 9 158 
289 202. 

of Responses Per PlAte 

S. cerevtslae - -------tryptophane + 

Convertants/Plate 
D4 

21 
103b 

15 
22 
2) 
I fi 
20 

1001 
157 

115 
91 
81 
70 
f, I 

ef.qufvnlent concentration to 25· mg of wet tissue of a 9000 8 supernatant fluid prepared from ltv~r of Sprague-Oavley 
,adult male rat induced by Aroclor-1254 five days prior to kill wa~ added to each plate. 

2-Anthramlne, 100 ug/plnte. 
g8-Amlnoqufnoltne. 100 pg/rlate. 
"2-AcetyJRmfnofluorene, 100 Pg/plate. 
1ntmPt")·tnltrn~nmln .. , lr\fl ;1nnlrA/pJ.11tP. 
Adnptt•cl from Hnrtln et nl. (ft}7'l). 



studies, during August 1979, to determine the carcinoienic and/or 

toxicological potential of sodiu~ fluoride CNaF) in rats and mice. The 

National Toxicology Program (NTP) took over the responsibility for over&i~ht 

of the studies in Novemb( .. - 1982. The studies consisted o! three parts: (1) a 

one-month suhchronic study; (2) a six-monti. subchronic study ~1th dosages 

based on the previous experiment; and (3) a tw~-year chronic study based on 

data from th~ six-month subchronic experiment :maximum doses of NaF which were 

not expected to affect the longevity of mice and rats were used). The chronic 

study began in December 1981 and terminated in December 1983. Unfortunately, 

problems developed seven months into the chronic study. The problems were not 

treatment related (some rats in both the tre·atment and control groups 

exhibited toxicollis and ocular lesions), but may have been related to the 

diet which was low in several trace elements an~ vitamins. The validity of 

the study was questioned and a ne~ chronic study was scheduled. The lechnical 

Report from the new study should be issued in 1988. 

F. Other 

Other manifestations of chronic·fluoride toxicity in various species have 

been reported in the literature, but have not been reviewed here because (1) 

they have been described in only one .·r, at bec:t, a very fe~ in'\'es~igations, 

(2) the dosages of fluoride e1:1ployed have been far beyond anything to be 

encountered in the use of fluoridated water supply or (3) there are uncertain­

ties about stucy protocols. Exau:ples of these 11 t'ne- of a kind" effects i:iclude 

production of urinary calculi and effects or. collager., plasma fibrinC1gen, 
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hyperglyce~~a. adenyl cyclase activity, enzymes, adrenal function, renal 

stones, otosclerosi$ or mineral levels in different organs. 

G. Summarv 

The intravenous LD50 of fluoride in dogs is approximately 20 mg/kg. Dogs 

survived oral doses of up to 3,100 mg NaF/kg. Age and sex influenced the 

acute lethality of NaF in rats. In these studies, young rats 

(seven-months-old or less) were less sensitive than older rats and young male 

rats were less sensitive than young females. 

Chronic exposure of cattle to fluoride added to their ration caused 

symptoms of dental ·and skeletal fluorosis. Fluoride added to the ration at 2i 

ppm (approximately 0.64 mg/kg/day) on a dry weight basis ~as tolerated ~1th 

only minor effect. Higher concentrations, 49 and 93 ppm (l.li and 2.08 

mg/kg/day, respectively) produced serious s~toms of dental and skeletal 

fluorosfs. The appearance of dental fluorosis preceded that of skeletal 

fluorosis. Milk production was impaired only after laceness and loss o"f 

appetite were apparent. One study shoved that heifers exposed to as little as 

5 ppc fluoride in their drinkini water suffered impaired reproductive perfor.:­

ance, but other stud·es found no effect on heifer reproduction at die~ary 

fluoride concentrations more than twice that amount. Sheep exposed chroni­

cally to 10 or 20 ppm fluoride in their drinking water developed significant 

dental fluorosis and prod~cec less wool. ~eight gain ~as not affected and 

there was no effect on reproductive perforv~nce. 
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Grovth in most species 1s unaffected by dietary concentrations of 

fluoride of 100 ppm or less. Cattle ~ppear to be more sensitive, and growth 

has been reported to be affected slightly at 50 ppm. However, one 

investigation found no adverse effects at 100 ppm. 

The kidney responds to acutely toxic doses of fluoride by failure to 

properly resorb water, leading to polyuria. Renal injuries do not develop 

when· drinking water contains less than 100 ppm fluoride. 
,· 

In do&s, oral doses of 9 mg fluoride/kg ha~e been reported to cause 

hypotension. electrocardiogram irregularities .and slowing of the heart. 

Structural an~/or ~unctional changes of the thyroid gland in animals are 

not produced at fluoride concentrations of 50 mg/Lin the drinking water. 

SodiWD fluoride in drinking water was reported to be clastogenic for mice 

but this result could not be confirmed in at least two other studies. Sodiuc 

fluoride was not mutagenic in SalmonP:.a tvphimuriuc or in Saccharomyces 
' 

cerevisiae. ~o information o~ the teratogenicity or carcinogenicity of 

fluoride in animals was found in the literature. 
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VI. HEALTH EFFECTS I~ Hl'l'.ANS 

A. Beneficial Effects 

1. Teeth 

The principal beneficial effect attributed to fluoride is its role in 

prevention of dental caries. A detaile~ review of the literature in this area 

will not be attempted here because it has been adequately addressed elsewhere 

in this document. Studies have been reviewed that describe the continuum fro~ 

beneficial effects to adverse dental fluorosis with increased exposure to 

fluoride. A suuu:iary of the daily fluoride intake levels considered to be 

protective against both dental caries and poss_ibly osteoporosis is provided in 

T~ble VI-1. A recent study by Driscoll et al. (1983) demonstrated that ar. 

increase in the average drinki~g warer fluoride concentration from 1.0• 

2.08 mg F/L resulted in significant (P<0.05) reduction of dental caries of 

school children (8- to 16-years-old) in several Illinois communities. The 

authors noted, bowever, that communities with higher drinking water 

concentrations (up to 3.8l mg F/L) did not result in any additional 

significant dental caries reduction at P<0.05 level. Further details of this 

study (which al.;o eyaluated the i.ncidence of dental f ~uorc,sis) are discussed 

in Section VI.C.3. 

Fluoride is also believed to iaprove the esthetic appearance of teeth. 

As part of the Newburgh-Kingston fluoride demonstration, A. L. Russell 
• 

recorded the occurrenc~ of .developmental ena~el hypoplasias (not related to 

fluoride in drinking yater) ir. children 7- to 14-years-old (Ast et al. 1956). 
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Table Vl-1 Food and ~utrition Board Estimated Adequate and 
Safe Intakes of Fluoride 

Age Estimated Recommended Intake Estimated 
Group ~eight (kg) of Fluoride (mg/day) Equivalences(mg/kg/day) 

<6 months 6 0.1-0.5 0.02-0.08 

f-12 months 9 0.2-1.0 0.02-0.11 

l .. -.:· years 1 3 o. 5-1.0 0.04-0.08 

4-6 years 20 1.0-2 . .5 0.05-0.13 

i yea1·s- 30a 1.5-2.5 0.05-0.08 
adulthooc 

Adults 70 1.5-4.0 0.02-0.06 

aEstimated veight for childr-.m seven to ten years old. 

Adapted fro~ ~AS (1980). 
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In K1n~ston, where the drinking water contained 0.05 ~! f/L, 115 (18.7 percent) 

of the 612 childri'n exar.iined showed these nonfluoride opacities. Only 36 (8.2 

percent) of 436 children using the fluoridated Newburgh water (1.0 to 1.2 mg 

F/L) showed these changes. Ast et al. (1956) suggeste~ that this fluoride 

drinking water concentration (1.0 to 1.2 mg F/L) appeared to reduce the 

incidence of hypoplastic spots on the teeth. Richards et al. (1967' have 

suggested that teeth classified as showing questionable, very mild or mild 

dental fluorosis are desirable from anesthetic point of view. 

2. Bone 

The therapeutic use of sodium fluoride as a means of inducing new bone 

grovth i.n cases of osteoporosis is under active investigation. For example, 

Jowsey et al. (1972) described the effects in 11 patients with progressive 

osteoporos_is who were adainis~ered 30, 45, 60 or 90 mg of NaF daily. In four 

of the patients the dose was increased from 30 to 60 mg daily and in another 

patient increased from 45 to 90 mg daily. In one instance the dose was 

decreased from 60 to 30 mg per day. The patients, 10 of whom were female, 

ranged from 54 to 72 years-of-age. All subjects received vitamin D twice 

weekly and a daii"y supplement of calcium. Treatment was continued for 12 to 

17 months. Bone bivpsy samples we~p taken befor~ and after treat~ent and 

biochemical studies were also perfoL"'llled. The results indicate that 

administration of less than 45 mg ar NaF daily does not consistently increase 
r 

bone fonnation, but that 60 mg or more resulted in the production of abnormal 

bone. Side effects were evident in at least one patient receiving 30 mg ~aF. 

Mild arthralgia and stiffness of the joints were reported by four patients and 
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occai:.ionol eri~ai::trir dyspepsia war:: experienced by six patients. Daily 

addition of vitamin D and more.than 600 ms Ca appeAred to prevent increoi::ed 

bone re,:;orption and even to decrease resorption. The a~thors conclud~d·that 

doses of 50 mg of ~aF daily, supplemented with 600 mg or more of calcium daily 

and 50,000 units of vitamin D twice weekly should increase skeletal mass 

without undersir~ble skeletal e(fects. Also, further vertebral fractures 

should cease after several years of treatment. 

Dambacher et al. (1978) •reated 33 post-menopausal women with 100 mg NaF 

daily for two years and another 23 similar patients with 50 mg NaF daily for 

t~o >~ars. A decrease of cortical bone was evident at both dose levels. 

However, cancellous bone was increased to some extent in half of those 

receiving the lower dose, and i~ over 70 percent of those receiving the higher 

dose. The findings also suggested that two years of treatment at the lower 

dose or one year at the higher dose avoided new vertebral fractures. Gastro­

intestinal discomfort sometimes combined with nausea wa~ encountered chiefly 

at the higher dose, but was of minor clinical importance. Osteoarticular pain . 
was the major side effect o( fluoride therapy and was seen in about 60 percent 

of the patients at both d·ose levels. The maximum effect was seen after 6 to 

12 months of treatment and then gradually disappeared. In 18 percent of the 

pat.encs treatcent had to be disr.ontinued. 

More recently Riggs et al. (1982) reported findings with regard to the 

occurrence of vertebral fracture in post-menopausal osteopor~sis. Five groups 

of 1,;omen, totaling 165 patients, were studied during the period from 196_8 ta 

1980. Treat.ment regimens included: (1) controls (placebo or no treatment), 
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(2) calciun supplement with or withou~ vitamin D, (J) fluoride plu& calcium 

with or w!thout vitamin D, (4) ~&trogen and calcium with br without vita~in D 

and (5) fluoride. calcium and e&trogen with or without v1.a~1~ D. Fluoride 

doses were 40 to 60 mg NaF daily with a total of 61 patients (of 165 total) 

receiving fluoride. Of these, 23 (38 percent) developed adverse reactions 

which caused five of them to withdraw from the study. Thirteen of the 23 

patients had joint pai~ and swel~~ng or painfui plantar facial syndrome; nine 

patients had severe nausea and vomiting, pepti< ulcer or blood-loss anemia and 

one patient had both rheumatic and gastrointesti,.~l symptoms. These effects 

were not seen in the control patients or in those t,·eated with calcium alone 

or with viamin D, or with calciuc plus estrogen with ~r without vitacin D. 

Among these groups, vitamin D was discontinued or the dose reduced bec~use of 

hypercalcemia or hypercalciuria. Thirteen percent of the 60 patients 

receiving estrogen required hysterectomy or uterine dilation and curettage, 

but none had endometrial carcinoma or vascular throobotic events. 

Among the patients treated with NaF, 60 percent showed radiog~aphically 

demonstrable increases in vertebral bone mass. Patients with these changes 

showed about one-seventh the fracture rate of th~ other patients. The 

incidence of fractures per 1000 patient-years for patients treated wit~ 

fluoride, calciJ~ and estroge~ (with or without vita~.n D) was significantly 

-6 . 
less than in controls (P<l x 10 ), and also was significantly less than in 

those treated with fluoride and calcium (with or without vitamin D) (P<0.001). 

Riggs et al. (198Z) point out that because fluoride simulates bone g~o~~~ anc· 

estrogen inhibits its resorption. tfie effect of the two together would be 

expected to be additive. However, because of the significant side effe~ts nf 

estrogen (i.e., menometrorrhagia and induction of en4ometrial carcinoma). its 
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inclusion in a combined therapy may not be warranted. The authors believe 

vitamin D should not be included because of the increased incidence of 

hypercalce~ia or hypercalciuria or both. 

Berstein et al. (1966) compared the inciden~e of o~teoporosis, reduced 

bone density and collapsed vertebrae in two populations usin·g water supplies 

with different concentrations of fluoride. In this study, a roent~enogram of 

the lateral lumbar area· of the spine and answers to a questionnaire were 

obtained for 166 males and for 134 females who were long-term residents of 

areas where the water supplies contained to 4 to 5.8 mg F/L. Similar infonna­

tion was obtained for 312 male and 403 female long-tenr. users of water supplies 

containing 0.15 to 0.3 mg F/L. More than 50 percent of the participants in 

each area had never lived outside their respective areas. The su~jects of 

each sex in each population were grouped by age into those 45- to 54-years-old, 

55- to 64-years-old and ~5-yea~s-oll and over. Evidence of osteoporosis, 

reduced bone density and incidence of collapsed vertebrae were higher in the 

low fluoride area in both sexes. For women 55- co 64-years-o~d and 65-years-old 

and older the difference in prevalence of reduced bone density was sign!~icant 

at the P<0.01 level. In men the difference was significant only for the 55·-

to 64-yea~-old group (P<0.05). More subjects in the high fluoride area had 

nonnal or increased bone density. T,.9re was no significant diffe":"ence in the 

incidence of collapsed vertebrae among male residents of the two areas. For 

wocen, the greater incidence of collapsed vertebrae in the lo~ fluoride area 

was significant at the P<0.05 and P<0.01 levels for the 55- to 64-year-cld and 

the 65-year-old and over groups, respectively. The authors concluded that 
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I. to 5.8 mg F/L in drinkin~ water "materially and s1JZn1!1cantly" reduced the 

prevalence of osteoporosi~ and collapsed vertebrae. and that the effect~ were 

more pronounced in women than in men. 

Using data from th~ 1973 to 1977 National Health lntervie. Surveys, 

Hadans et al. (1983) compared the incidence of hip fractures ~s a measure of 

osteoporosis in two populatio·ns whose water supplies con!:ained different 

·concentrat1ons of fluoride. More than 80 percent of :c,,73 fe~ales plus 

25,997 males used water containing less than 0.7 mg F/L. At least 80 percent 

of 21,810 females plus 18,031. males used ~ater with more than 0.7 mg F/L. The 

hip fracture hospitalization rat£ for females in the lo~ and high fluoride 

areas were 2.4 per 1000 and 2.2 p~r 1000, respective·ly. For males the rates 

were 1.0 and 1.1, respectively. The data sugg~st that a concentration o! 0.7 

mg F/L is not sufficient to protect against osteoporotic hip fracture. It ~as 

possible to identify 1,2"2 wom~n and 1,111 men, 40 years of age or over, who 

usP.j water supplies containing mo~e than 0.7 mg F/L (specific concentrations 

could not be identified). Among these persons there ~as one case of hip 

fracture in the males and none in the females. Th:: authors suggested that the 

hypothesis of a protective effect of higher levels of fluoride among women 

should not be ignored and that the optimal level exceeds 0.7 mg F/L. 

3. Cardiovascular 

ln the study by Be~nstein et al. (1966) the incide~ce of a~rtic 

calcification (as seen in the.X-ra~ films) was less in residents of the high 

fluoride area than in those using lo~ fluoride water. The difference was 
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approxima~ely 4~ percent and Wff~ Etati~tically significant for men in all ag~ 

groups~ ~omen in the 55- to 64-year-old iroup al~o showed a statistically 

~ignificant difference in the incidence of aortic calcification. A similar 

trend, although not statistically significant, was observed in females 

~5-years-oll and older. 

4. Hearing 

Shambaugh and Causse (197L) treated more than 4,000 patients with active 

oto~pongiosi~ of the cochlear caps~le with sodium fluoride for l to~ years, 

using doses of 40 to 60 mg daily with calcium and vitamin D supplemer.ts. The 

fluoride was administered in en~eric coated tablets. In abouc 80 percent of 

the patients sot. !ated there was a stabilization of the sensorineural 

cocponent of hearing loss, with recalcification and inactivation of the 

actively expanding demineraliz~d focus of otospongiosis. In a few cases 

hearing was improved, while in others the heartng loss continued to worsen. 

In a number of instances. cessation of therapy after stabilizatio~ of hearing 

and recalcifJcation had been achieved was followed (tvo to seven years later) 

by reappearar~e of a demineralized focus and an increase in the sensorineural 

loss. Shambaugh and Causse (1974) recocmiend a maintenance dose of 20 mg daily 

of ~odiuc fluoride after stabilization has been achieved. 

Causse et al. (1980) gathered more evidence for the beneficial effect of 

fluoride therapy on otospongiotic fo~i thro~gh polytom~graphic ~tudies, 

statistical ar.alysis of 10,441 cases (with a follow-up of three months tc ten 
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years) and by cocipa~-in~ tryps1r concentrat1C\n in the per1lyr.:ph before ar.c! 

after ~aF therarv. Trypsin, which 1~ toxic to hair cells an~ de~troy~ 

collagen fibrils in the bony otic capsule, was significantly (no P value 

given) reduced in 66~ of cases at moderate NaF (45 mg/day) doses. Fluoride 

therapy causes expulsion of cytotoxic enzymes into labyrinthine fluids and 

retardation of sensorineural deterioration. The long-term effect of therapy 

is the reduction of the· bone re~odelling activity of the otospongiotic focus. 

NaF therapy (in patients vith cochlear deterioration and progressive cochlear 

component) can improve hearing in children but can only arrest deterioration 

in older patients. ~aF may retard, but cannot release, stapedial fixation. 

Fluoride action reduces vertigo as an effect on vestibular function. Dosages 

used by the authors range from 3 to 60 mg/day depend:ng on the nature of the 

otospongiotic impairu,ent (in children only J.5 to 10 mg/day are presc~i~ed to 

avoid stunting growth). The authors observed no fluorosi~ in more than 10,000 

cases. 

5. Other 

Black et al. (1949) examined the toxicity of sodiun: fluoride in relation 

to the beneficial effects of fluoride therapy in the tr~atment of malignant 

neoplasia. They described the effects of fluoride a~~icistered to more tt.nn 

7C patients for periods of 5 to 6 months. Most pf these subjects, ,:uff ering 

from malignant neo?lastic disease, were being treated vith metabolic 

inhibitors. Some were :euke~ic childre~ 3- tc 6.5-year~-~ld, wh!lP othe:~ 

were adu!ts including elderly individuals. Doses fo~ the children were :r t~ 

50 mg NaF (9.0 t~ ~2.5 m~ F) four times daily. Dose~ for adults were 80 mg 
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Sa' :36.3 mg F) four times daily. The material was administered orally with 

an antacid containing 4 percent alumihum oxide or as an enteric coated ta~let 

to avoid ga~tric irritation. No evidence of systemic toxicity or of 

parench)'lllatous damage was seen which c~uld be attributed to fluoride, even 

though some patients had received more than 27 g of sodium fluoride over a 

per~od of 3 months. Criteria evaluated included growth and development in the 

children, mottled enamel, eruption of permanent teeth, hematopoisis, liver 

function, albumin-globulin ratio, blood sugar and cholesterol concentrations 

and kidney function. Po~tmortem data fr~m 4 cases showed no parenchymatous 

degener~tion attributable to fluoride. In hypertensive patients a tendency 

was noted for decreased-diastolic and systolic blood pressure. In two 

patients with functioning colostomies there wa& no apparent effect of the 

fluoride on the exposed mucosa of the colon. 

In certain instances, Black et al. (1949) administered fluoride by 

intravenous infusion or injection. For example, a 16-year-old ~emale with an 

adrenal carcinoma received a total dose of 5600 mg of sodiu~ flu~ride 

(2,533 mg F). in a period of nine consecutive days. There were no signs of 

acute or chronic toxicity. The injection of 400 mg of NaF (180 mg F) was 

painful in two of three instances, as was the injection of 800 mg of SaF (360 

mg F). Ho.ever, when infused, this rmount was not painful. 

B. Acute Toxicity 

Lidbeck et al. (1943) described a mass poisoning in which 17 pounds of 

roach powder containing NaF was inadvertently added to a ten-gallon mixture of 
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scrambled eg~~. Two hu~dred and sixty-three cases of acute p~isoninr re~ulted 

and 47 of these were fatal. The episode is descrihed by t~e authors as 

follows: 

The food was rejected by many of the patients because of a salty or 
soapy tas!e,. while others complained of numbness of the mouth. 
Extremely severe nausea, vomiting and diarrhea occurred abruptly and 
at times simultan, usly, and blood was noted in the vomitus and the 
stools in many instances. Soon after the meal there were complaints 
of abdominal burning and cramplike pains. General collapse developed 
in ~ost instances but at variable periods of time, apparently 
depending on the concentration of the poison. This was character­
ized by pallor, weakness, absent or thready· pulse, shallow unlabored 
respiration, weak heart tones, wet cold skin, cyanosis and equally 
dilated pupils. When this picture was pronounced, death almost 
invariably occurred. Local or generalized urticaria occurred in 
some instances, while in others there was a thick mucoid discharge 
from the mouth and nose. \lhen death was delayed, and in some cases 
in which recovery occurred, there were paralysis of the muscles of 
deglutition, carpopedal spasm and spas~ of the extremities •. Convul­
sions and abdominal tenderness and rigidity were absent. In the 
majority of cases, death oc·curred between two and four hours after 
ingestion of the food, alth~ugh in a few instances death was delayed 
for eighteen to twenty hours. 

Hodge and Smith (1965) tabulated numerous reports of accidental and 

intentional poisonings with fluoride and co~cluded that a d~se range of 5 to 

10 grams of NaF can be cited as a -reasonable estimate of a "certainly lethal 

(single] dose" for a 70-kg man. They noted that this corresponds to 70 to 140 

mg/kz. 

C. Chronic Toxicity 

Prolo.nged exposure to excessive fluo-ride is known to cause skeletal and 

dental fluoro~is. These effects will be described in detail, however, this ... 
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section will first address occasional reports which hAve arpeAred in the 

literature suggesting a wide variety of toxic effects of fluoride exposure. 

The~e include abnormal sensitivity to fluoride (Grimbergen 1974, ~aldbott 

1962), mongolism (Rapaport 1959), a decreased margin-of-safety in people with 

renal insufficiency (Hanhijarvi et al. 1972, Juncos and Donadio 1972) and 

cancer (Yiamouyiannis and Burk 1977). The reports on mongolism and cancer 

vill be discussed in Sections VI. D. and VI. F., respP.ctively. 

1. Sensitiv~~y to Fluoride 

Allergic or idiosyncratic sensitivity to fluoride has been the subject of 

a number of reports lGrimbergen 1974, ~aldbott 1962, for others see NAS 1977) .. 

These studies contained various weaknesses in experimental design and in 

statistical analys~s which have been-discussed in a report by the ~AS Safe 

Drinking Water Committed (NAS ~977). Waldbott presented case reports of 

people who were allegedly sensitive to fluoride. The NAS notes that this 

report has been criticized because Wal~bott was, foT some time, the only 

investigator to have reported this type of sensitivity. The study by 

Grimbergen (1974) appears to support the interpretation by ~aldbott. 

Grimbergen adoinistered either NaF in water or a placebo in a double-blind 

te&: to subjects who were suspected of being sensitive to fluoride. kuwever, 

the statistical analysis of these data has been 9uestioned by the NAS. They 

note that when a large number of samples are taken, some positive responses 

would be expected by chance. Grimbergen did not address this issue. Doubt 

that true sensitivity to fluoride exists has also been expressed by the World 
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Health Organization (~~O 1970). They reason that billions of people world~ide 

are regularly exposed to fluoride through tea drinking (brewed tea having more 

fluoride than th~ water from which it is made) or water fluorid·ation, so any 

subpopulation that is sensitive to flu~ride should be readily apparent. 

2. Bone 

A number of factors govern the amount of fluoride in the skeleton. 

Important among these are (1) previous exposure, especially to a relatively 

constant fluoride intakei (2) the dose, which is reflected in the blood 

concentration; (3) renal status, which also affects the blood concentration, 

and (4) the age of the individual (Hodge and Smith 1981). 

Endemic skeletal fluorosis is recognized in several parts of the worldi 

it wasefirst described in India (Shortt et al. 1937a). The most severe forms 

of generalized osteoscleTosis also have been reported from this country. The 

findings in a 45-year-old Indian farmer suffering ~rom fluorosis have been 

described in detail by Singh et al.d(1962, 1963) and by Singh and Jolly 

(1970). Presumably, the individual· lived all of his life in 'an area of the 

Punjab where the water supply contained 9.5 ppm fluoride. In this patient the 

bony cor.tourn ~howed irregular outgrowths. Sites of insertion of muscles and 

tendons showed excessive ·perioeteal reaction and multiple exosto·ses. Irregular 

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

bones were much heavier than normal. The most pronounced changes we~e .seen in 

the vertebra! columni vertebrae were,enlarged and showed marked lipping, and 
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some were fused t~gether. Bone ash fro~ this subject contained 6,300 mg fluoridt/ 

k& ~! ash (6,300 ppm). The mechanical propertie~ of the left radius and ulna 

of this subject were tested by Evans and Wood (1976). Their results ~howed 

that tensile strength, strain, energy adsorbed to failure and modulus of 

activity were reduced; compressive strength, strain and energy were increased. 

Compressive properties exceeded tensile properties; bone density was increased. 

It should be recognized that the severe changes reported in areas of 

severe fluorosis such as the Punjab are not necessarily seen in all residents. 

Factors affecting the incidence of skeletal fluorosis include duration and 

level of exposure to fluoride in the env~ronaent, nutritional status, 

concurrent infections and physical severity of the individual's occupation 

(Singh and Jolly 1970). 

Roholm (1937) identified ~hree stages in the progression of skeletal 

fluorosis. These are (as quoted in Smith and Hodge 1979): 

Phase I: osteosclerosis in pelvis and vertebral column. Coarse and 

blurred trabeculae, diffuse increased bone density_to X-ray.· 

Phase 11: increased density and blurring of contours of pelvis, verte­

bral column extended to r~os, extremities. 

Phase Ill: greatly increased density of bone; irregular and blurred 

contours. All bones affected, particularly cancellous bones. 

Extrecities thickened. Considerable calcification of ligaoents of 

neck and vertebral column. 
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In addition, Fritz (1958) recommended adding tw~ earlier stages of 

fluoride-induced changes, the euliest labeled "subtle signs," the second 

"phase 0-1." Both are characterized by slight radiological changes, e.g., 

enlargement o"f trabeculae in the lumbar spine. Both of these classifies t ion 

schemes have been developed from experience with industrial exposure to 

fluorides. Sing~ and Jolly (1970) point out that Roholm's Phase I. is harlly 

ever seen in endemic fluorosis cases; most of these show the changes of phases 

11 and Ill. 

Franke et al. (1975) and Schlegel (1974) have attempted to correlate the 

concentration of fluoride in bone ash with the various osteoscler~tic phases, 

as shown in Table Vl-2. These data indicate that the early detection of 

slig~t radiological changes, e.g., enlargement of trabeculae in the lumbar 

spine, will be associated·vith bone ash fluoride concentrations of 3,500-4,500 

ppm. 

There is limited evidence to permit an estimate of the waterborne 

fluoride concentration associated with the appearance of fluoride 

osteosclerosis. For example, Hodge and Smith (1970) quote evidence that in 

the aluminum industry, average urinary excre_tions of 5 1il8 F /L in randomly 

collected samples i.;-:e not associated with osteosclerosis. Dim:ian et al. 

(1976) indicated that aluminum workers whose average pre-shift urinary 

fluoride concentration is less than 4 mg F/L do not sho~ radiographically 

demonstrable increases in bone density, altered tra~ecular patterns or 

ligamentous calcification. According ~o Figure 111-3 (see Section III for 

grea~er detail), these urinary fluoride ~oncentrations correspond to 
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Table Vl-2 Corr~lation of Osteosclerotic Phases and Fluoride in Bone Ash 

Osteosclerotic Phase 

~ormal 

Fritz 
Prestage 
0-1 

Roholm 
l 
11 
Ill 

Mg Fluoride/kg Bone Ash (ppm) 
Franke et al. (J975) Schlegel (J974) 

500-1 ,000 

3,500-4,500 
5,000-5,500 

6.000-7,000 
7,500-9,000 
>10,000 

6,900 

5,200 
7,500 
8,400 

Adapted from Smith and Hodge (1979). 
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vaterhnrne fluoride concentrations or" approxi111ately 5 ar:d 4 mg F/L, 

respectively. Smith and Hodge (1959) have suggested that, in the human, 

osteosclerosis probably will not be seen with skeletal fluoride concentrations 

of 4,000 ppm (dry fat-free basis). They also state that effects will be 

observed in a small proportion of individuals with skeletal fluoride· 

concentrations of approximately 6 1 000 ppm. These skeletal concentrations 

correspond to fluoride concentrations in the water of 4 and 6 mg F/L, 

respectively '(Smith and Rodge 1959, Hodge and Saith 1981). lt should be 

pointed out that at least at levels of intake corresponding to< 0.1 ppm 

fluoride in the water, skeletal fluoride concentrations may very up to t50: 

(Smith 1983b). 

·3. Teeth 

The tendency for excessive exposure to fluoride for prolonged periods 

during the time of tooth formation to cause fluorosis of dental enamel is of 

concern. Although the causative agent was.not known at the time, a report of 
.) 

dental fluorosis (then called "mottled enamel'') appeared in 1901 - Denti di 

Chiaie (Eager 1901)". This report described the condition in certain Italian 

immigrants. Black and McKay (1916) and Kempf and McKay (1930) reported the 

same conditior, was endemic in parts of the U.S. Ex},~rimental data suggesting 

the connection between exposure to excessive amounts of fluoride and abnor­

malities in teeth appeared in 1925. McCollum et al. (1925) noted effects of 

dietary fluorine on the teeth of white rats and similar fin~ings were reported 

by Schultz a-nd, Lamb (1925). The connection between fluoride and mottled 

enamel was.first recognized by Smith et al. (1931). 
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Dean (1~33) reported on the distribution of mottled ~namel in the U.S., 

and in 1934 he pu~lished a classification system for mottled enamel (Dean 

1934), This classification system is provided in Table Vl-3. 

Subsequ•ntly, Dean published a revised classification system for dental 

fluorosis (Dean 1942) which is still in use today. This system comprises six 

classifications into which the individual child or tooth may be assigned. 

Classification of an individual child is based on the two teeth in the child's . . 

mouth that show the most advanced forms of fluorosis. Since the classification 

of the severity of dental fluorosis is critical to the regulation of fluoride 

in drinking water, Dean's revised systec is given in Table VI-4. 

Dean (1942) used this system as the basis for defining a Community 

Fluorosis Index (CFI). The CFI is a 111ea.ns of .comparing one group or popula­

tion with ano~her on the basis of average severity of fluorosis. It is 

computed by averaging the numerical fluo~osis scores assigned to individual 

children within a given population. 

Dean and Elvove (1935) defined the permissible maximum level of fluoride 

in a domestic water supply (or minimum thresbold for· dental fluorosis) as the 

highest concentration of Uuoride ~ ,capable of producing a defir,ite degree of 

dental fluorosis in as much as 10% of the group examined. The group examined 

for purposes of defining the CFI should consist of at least 25 children, 

9-years-old or older, who, since birth, have continually consumed the water 

under investigat.ion (i.e., used the water for both drinking and coo~ing). The 
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Table \'J-3 Dental Flunosi& Clauification by H. T. Dean - 1934 

Classi!ica- Criteria 
tion 

Normal The enamel presents the usual translucent semivitriforti type of 
structure. The surface is smooth and glossy and usually of a 
pale creamy white color. For purposes of classification. all 
persons showing hypoplasia other than mottling of enamel are 
included in this category. 

Questionable There are slight aberrations in the translucency of normal 
enamel, ranging from a few white flecks to occasional white 
spots, 1 to 2 unn in diameter. 

Very mild 

Mild 

Moder.ate 

Moderately 
Severe 

Severe 

Small opaque paper white areas are scattered irregularly or 
streaked over the tooth surface. It is principally observed on 
the labial and buccal surfaces, and involves less than 25% of the 
tooth surfaces of the particular teeth affected. Small pitted 
white areas are frequently found on the summit of the cusps. ~o 
brown stain is present. 

the white, opaque areas on the surfaces of the .teeth involve at 
least half of the tooth surface. The surfaces of molars, bicus­
pids, and cuspidE subject to attrition show thin white layers 
vorn off and the bluish shades of underlying normal enamel. 
faint brown stains are sometimes apparent, generally on the upper 
incisors. 

No change is observed in the form of the tooth, but generally all 
of the tooth surfaces a~e involved. Surfaces subject to attri­
tion are definitely marked. Minute pitting is often present, 
generally on the labial and buccal surfaces. Brovo stain is 
frequently a disfiguring complicati~n. It must be remembered 
that the incidence of brown stain varies greatly in different 
endemic areas, and many cases of white opaque mottled enamel, 
without brown stain, are classified as "moderate". 

Macroscopica11y, a greater depth of enamel appears to be 
involved. A smokey white appearance is often noted. Pitting is 
more frequent and generally observed on all the tooth surfaces. 

·Brown stain, if present, is generally deeper in hue and involves 
more of the affected tooth surfaces. 

The hypoplasia is so marked that the foTit of the teeth is at 
times affected. The pits are deeper and often confluent. Stains 

.are widespread and range from chocolate bro~-n to almost black in 
some cases. 
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Ta~le Vl-4 Dental Fluorosis Classification by H. T. Dean - J9'2 

Classif ica- Criteria 
cion 

Normal 
(0) 

The enamel represe~ts the usual translucent semivitriform type of 
structure. The surface is smooth, glossy. and usually of a pale 
cr~amy white color. 4 

Questior.able The enamel discloses slight aberrations from the translucency of 
(0.5) · normal enamel, ranging fro~ a fev wnite flecks to occasional 

Very Mild 
(1) 

Mild 
(2) 

Moderate 
(3) 

Severe 
(4) 

white spots, This classification is utilized in those instanc~s 
where a d,finitive diagnosis of tne.mildest form of fluorosis is 
not warranted an~ a classification of "normal" is not justHied. 

Small, opaque, paper white areas scattered irregularly over the 
toot~ 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. 

The white opaque areas in the enamel of the teeth are more 
extensive but do no~ involye as much as 50 percent of the· tooth. 

All enamel surfaces of th~ teeth are affected, and surfaces 
subject to attrition show wear. Brown stain is frequently a 
disfiguring featuTe. 

All enamel surfaces are affected and hypop!asia is so me.rked that 
the general fom of the tooth may be affected. n1e major 
diagnostic sign of ~his classification is discrete or coufluent 
pit~ing. Brown stains are widespread and teeth often preseut a 
corroded-like appearance. 
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authors determined the CFI for four commun1t1e·s: Colorado Springs, Colorado; 

Momr.outh, Illinois; Galesburg, lll tnois; and Pueblo, Colorado. The mean 

annual fl~oride content of the municipal water su,plies and corresponding CFI 

for these communities were: Colorado Springs, 2.5 pp.n - "slight"; Monmouth, 

1.7 ppm - "slight"; Galesburg, 1.8 ppm - "slight"; and Pueblo, 0.6 ppm -

"negativ~". 

Calagan and Lamson (1953) studied the relationship between fluoride 

concen:ration i~ municipal waters and the CFI for communities with differing 

mean annual temperatures. They found that Arizona communities with mean air 

temperatures of 70°F had "objectionable" fluorosis (CFI exceeding 0.6) at 

about 0.8 mg fluoride/Lin their drinking water, while.midwestern co1l'IJ:lunities 

with mean air tem~eratures of 50°F did not suffer "objectionable" fluorosis 

until their drinking water contained about 1.7 mg fluoride/L :see Figure VI-1). 

Richards et al. (1967) established slightly different optimal values for 

fluoride, using only three temperature zones, that were generally in agreement 

wi~h the earlier studies. The authors pointed out that fluorosis was not 

entirely absent at optimum fluoride concentrations in drinking water. Their 

gual was to establish the fluoride levels at which "objectionable" fluorosis 

was pr~sent; objectionable was defined as moderate and severe fluorosis. The 

results of thiF study are summarized in Table Vl-5. ...t ·should be noted, 

however, that a recent study in Canada (EHD 1982) concluded that water 

consumption is indep£ndent of temperature. Thus, the Agency has concluded 

that there is insufficiP.nt data to quantitatively incorporate tecperature in 

drinking water reguiations. 

VI-21 



12 

1.0 

~ 
0 
~ 0.8 Cl) 

~ g 
0.6 _, 

I.I. 

~ z ::, 
~ O.A 
~ 
(.) 

02 

Ob1ectionable fiuoros,s 

!Fluoride removal indicated 

Mean Annual Temperatufl!s 

o Approximately 70• F 

• Appcoximatoly 50• F 

Borderline 

• 
Negative 

. 
FLUORIDE GONCENTRATION (ppm) 

Adapted from Galagan and Lamson (1953) 

Figure VI-1 Relationship Between Fluoride Concen·tration of 
Municipal W~ters and Fluorosis Index for Communities 
with Mean Annual Temperaturgs of Approximately 50 F 

(Midwest) and 70 F (Arizona). 
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Table VI-~ Percenta~e of Children by Fluorosi~ D1agnos1~ fer Each 
Fluoride-Tecperature Zone 

F'luorosis Fluoride concentratio~ in drinking weter (ppm) 
diagnosis 

and temperature 
(Hean maximum) 0.0-0.15 0.2 - 0.4 0.5 - 0.7 0.8 - 1.0 J. l - 1. 3 

65 .. f or lower Zone 1 Zone 4 Zone 7 Zone JO Zone 13 
(Na• 330) (N • 169) (N • 340) (N • 316) ·(N • 302) 

Normal 97.3 71.6 44.7 40.0 33. 1 
Questionable 2.4 26 .o 40.9 39.2 41.1 
Very mild 0.3 2.4 13.5 18.0 22.5 
Mild 0.9 2.8 3.3 
Modetate 
Severe 

66°F - 79°F Zone 2 Zone 5 Zone 8 Zone 11 Zone 11. 
(N • 707) (N • 709) (N • 688) (N • 51.8) (N -= 508) 

t.ormal 96.1 71.. 2 26.6 2~.8 26.6 
Questionable 3.5 19.5 42.9 44.3 32.7 
Very mild 0.4 6.2 28.6 26.6 28.1 
Mild 0.1 1.9 5.8 9.6 
Moderate 0.5 2.8 
Severe 0.2 

80°F or higher Zone 3 b Zone 6 Zone 9 Zone 12 Zone 15 
(N • 209) (N • 335) (N • 331) (N • 350) (N • 310) 

Hormal 52.6 32.2 18.1 18.3 8.4 
Questionable t.6.9 44.8 51.1 26.0 29.0 
Very· "'Ud 0.5 20.0 26.0 37.7 37. 5 
Mild 3.0 4.2 15.1 17.4 
Moderate 0.6 2.9 7. I. 
Sev-ere 0."3 

a bN = number of ~hildren diagnosed. 
Fluor~de concentration~ 0.2 ppm. 

Adapted from Richards e~ al. (1967). 
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or more 

Zoue 16 
(N • 306) 

11. l 
23.5 
29.5 
15.7 
15.0 
5.2 

Zone l 7 
(t-: • 553) 

14.8 
18.4 
27.8 
20.8 
12.8 
5.4 

Zon~ 18 
(~ = 229) 

8.3 
18.8 
25.3 
27.9 
12.7 
7.0 



Because the relationship between fluo~~de concentrations in drinking 

water and community fluorosis indices was established ~any years ago, a demand 

has arisen for evidence confirming or re-establishing the fluoride/fluorosis 

relationships. Segreto et al. (1984) investigated the possibility that 

significant changes in cultural and dietary pattern may have altered fluoride 

intake patterns ftom those developed 20 to 40 years ago. They selected 16 

~exas communities that obtain their drinking water from local wells and 

surveyed chi1dren (7- t~ 18-years-old) who were lifetime residents of each 

community·for enamel mottling using Dean's (1942) classification system. The 

fluoride levels in the drinking water was ~xpressed by the authors in terms of 

the relationship to optimal fot prev,ntion of dental caries. Personal 

communication with one of the authors (Dr. Edwin~. Collins). however,. 

indicated that the actual fluor~de levels ranged from 0.2 to 3.2 mg/L (see 

Table VI-6). The combined incidence of moderate and severe dent-al fluorosis 

observed ranged from minimal at 0.2 mg F/L to 31.6 percent at 3.2 mg F/L. The 

authors, however, reported only one cas·e of severe fluorosis (at 3. 2 mg F /L). 

The observed variation in the fluo~->sis inc_idence of different fluoride 

drinking water levels (see Table VI-6) could be due to differences in the 

lifestyle in the different communities, variation in the sus_ceptibilities of 

the children examined or other factors. 

Driscoll et al. (1983) reported the results of a cross-sectional survey 

nf the prevalence of dental fluorosis and dental caries among 807 school 

children- (8- to 16-years-old) in seven Illinois communities. Fluoride 

concentrations in community drinking water ranged fro~ 1.06 to 4.07 mg F/L. 

The results of this study are sun::narized in Table VI-7 and indicate a 
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Table VJ-E, Relationship Between Fluoride Levels in Drinking 
~at~r and Incidence of Moderate and Severe Dental 
Fluorosis in Texas Children (Age 7 to 1B Years) 

Fluoride level 
in drinking ~ater 

Relative Number of Combined incidence of 
to children moderate and severeb 

mg F/La optimum exan .~d dental fluorosis, % 

0.2 0.3 103 0.0 
0.3 0.4 126 0.0 
0.4 0.3 223 o.o 
0.8 1.0 361 0.3 
1.1 1.3. 211 0.9 
1.1 1.4 126 0.0 
1.1 1.3 187 1 • 1 
1.6 2.5 301 3.3 
1.9 2.7 170 13.5 
1.9 2.3 • ·23 13.0 
2.0 2.3 109 14.7 
2.0 2.7 200 4.0 
2.3 2.7 90 6.7 
2.3 2.9 67 32.8 
2.4 3 .1 113 4.4 
3.2 4.3 190 31.6c 

Actual concentrations not reported by authors. Values obtained 
bthrough Personal communication with coauthor (Dr. E. M. Collins). 
All cases were classified as moderate dental fluorosis except 
as noted by footnote. 

cOne case (0.5 percent) was classified as severe dental 
fluorosis. 

Adaptel from Segreto et al. (1964), 
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Table VI-7 Relation~hip or Drinking ~ater Fluoride Levels To Dental 
Fluoro~is and CarieF Reduction in Illinoie Children 

Children with Decrease in 
Fluoride leve 1 Number of moderate and caries score 
in drinking children i:.evere dental from I. 06 mg/L 

water, mg/_L evaluated f luorosis, % 
a level, % 

I.06 336 2.4 -- b 
2.08 143 13.3 37.3b 
2.84 192 27.6 55.lb 
3.84 136 30.2 35.7 

~easured as mean DMF surface score. 
Significantly different (P<0.05) from score at 1.06 mg/L, 
but not from each other. 

Adopted from Driscoll et al. (1983). 
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dose-response increase in the incidence of moderate and severe dental 

flu~rosis with increased fluoride level in the drinking water. The incidence 

of moderate and severe dental fluorosis ranged from 2.4 fercent (of 336 

children evalu&ted) at 1.06 mg F/L to 30.2 percent (of 136 children 

evaluated) at approximately 3.84 mg F/L. Concurrent with this increase in 

dental fluorosis, the authors observed a significant (P<0.05) decrease in 

dental caries (as measured by reduction ·of mean DMF surface score) in children 

of all fluoride levels above 1.06 mg F/L. Unlike the dental fluorosis 

results, the dental caries reduction was not observed to exhibit a 

dose-response relationship above the level of 2.08 mg F/L in the drinking 

water. There was no statically significant (P<0.05) difference in the 

reduction of dental caries between children exposed to an average 2.~8 mg F/L 

through 3.84 mg F/L. 

Wenzel and Thylstrup (1982) have suggested that a clinicohistological 

classification of dental fluorosis may be more sensitive than that described 

by Dean (1942). 

4. Kidney 

It c:oes appear that patients with renal ir _,airment have a lower 

margin-of-safety to fluoride effects than the average person. Hanhijarvi et 

al. (1972) measured plasma levels of free ionized fluoride in about 2,000 

hospj.tal patients in Finland. In patients with normal creatinine clearance, 

plasma fluoride from individuals. living in non-fluoridated areas was about 

one-half that of people from fluoridated areas (0.7 uM VS 1.4 uM). The 
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authors also noted a correlation between serum creatinine and serum fluoride 

in ten~l patients from both the flucridated and the non-fluoridated areas. 

Fluoride increased with increasing concentration of serum creatinine in one· 

patient from the non-fluoridated area (serum fluoride increased from 0.8 uM·to 

3.4 uM while serum creatinine rose from normal to 1,200 uM). In a patient 

from the fluoridated area, serum fluoride rose from 1.4 uM to 5.0 uM. and the 

corresponding serum creatinine from normal to 700 uM. In renal patients 

undergoing dialysis, serum fluoride concentrations as high as 25 uM were 

recorded. These results are consistent with the work of Berman and Taves 

(1973) who measured renal clearance of serum fluoride in normal and in uremic 

patients. Normal fluoride cleara~ce averaged 58 m.L/~in while uremic subjects 

had a mean fluoride clearance of 3.1 mL/min. 

A correlation between renal failure, polyuria, polydipsia, and clinical 

and r~entgenographic evidence of systemic fluorosis was reported by Juncos and 

Donadio (1972). They discussed two case reports. In one, an 18-year-old male 

had a daily consumption of about 2 gallons of water from an artesian well 

containing 2.6 pp~ fluoride. His teeth were mottled, very opaque, and caries­

free. The patient's normal daily urine volume was 5 to 6 Land clinical 

indices of renal function were abnormal:· inulin clearar.ce (Cin) was 26 mt/min 

(vs 120 mt/min normal), PAH c 1.earance (C h) was 118 mL/inb (vs 600 mL/min 
pa 

normal). Roentgenograms showed increased density of bones. The patient's 

.intake of fluoride from d~inking water was about 0.33 mg/kg/day (based on a 

body weight of Si.4 kg). Similarly, a 17-year-old fecale with significantly 

impaired renal function (Cin, 19 ml/min; Cpah, -99 ml/min). a history of 

drinking "large amounts of water" a:td teeth which were opaque with diffuse 
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brownish mottling was found to have ~arked reduction in renal size, blunting 

of the calyces, pyelocaliectasis and ureterectasis. The authors did not know 

whether chronic excessive fluoride intake caused the renal damage but did 

believe that the systemic fluorosis was due to impaired renal function. 

Oreopoulos et al. (1974) examined the effect of fluoride in the dialysate 

of patients undergoing chronic renal dialysis, lri a double-blind study; 20 

patients {11 fluoride-exposed and 9 controls) werP _nvestigated for an average 

period of 20,6 months. Dialysate water was initially deionized and fluoride 

(1 mg/L) or chloride (control) was added via coded ampules. At the end of the 

study the only difference dete~ted between the control and exposed groups was 

a statistically significant (P<0.05) increase in osteosclerosis in the 

fluoride-exposed group. No differences in various biochemical, radiological 

or other histological parameters were detected, 

No injuries to the h~man kidney from long-term non-occupational exposure 

to fluoride have been reported. Geever et ~l. (1958) did not find an unusual 

incidence of renal pathology or renal disease as a cause of.death in a 

population using water conta~ning 2.5 ppm fluoride. No differences in renal 

status were evident between the residents of B~rtlett (8 ppm fluoride in the 

water supply: and Cameron (0.4 ppm fluoriJe), Texas (Leone et al. 1954). 

Urinary e~cretion of albumin, sugar, red blood cells and formed elements by 

the children from Newburgh (1.2 ppm fluoride) did not differ significantly 

from that of the children from Kingston (essentially no fluoride) (Schlesinger 

et al. 1956a). Abnormalities in renal function, e.~., decreases in urea 

clearance and glo~erular filtration rate~·have been reported i~ Indian 
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su~jects with advanced skeletal fluorosis (Shortt et al. 1937a). ~acer 

supplles used by the~e pati~nts contained ur to 10 ppm of fluoride (Shortt et 

al. 1937b), 

5. Growth 

A possible depression in height, weight and chest cir.cumference has been 

reported in Japanes~ children with mottled enamel, compared to control suuje~ts 

whose teeth were not mottled (Takamori 1955), Water supplies used by these 

children contained as much as 3.4 ppm fluoride. However, the absence of 

adequate information on the· nutritional status, hereditary backgrounc and 

general state of health of these children mak~s it difficult to accept these 

findings as valid. Such. observations have not been made in th_is country. For 

example, in the Newburgh-Kingston area in Ne~ York State, Schlesinger et al, 

(1956b) found no significant difference~ in height or weight between the 

children using fluoridated water for ten years (Newburgh, 1,2 ppm fluoride) 

and the control population (Kingston, essentially no fluoride). McClure 

(1944), in a survey of high school.boy~ and young adults livlng in areas where 

the water supplies contained up to .6 ppm fluoride, found height and weig~t to 

be unrelated to fluoride exposure. 

6. Cardiovascular System 

Analysis of the death rates from cardiovascular-renal disease in Newburgh 

and Kingston demonstrated no significant difference in this resp~ct between 

the t~o communities (Schlesinger et al. 1956b), Rogot et al. (1978) also 
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found no effect o! fluoride in water on heart death rate trends~ Geever et 

al. (1958) reported a less~r percentage o! deaths due to cardiovascular 

disease in persons who had lived more than 20 years in a community w~ere the 

water supply contained 2.5 ppm fluoride than in persons living 5 to 20 years 

in that cotm!1unity, but the difference was not attributed ·to a protective 

effect of fluoride. A lower i~cidence of deaths due to heart disease was 

shown in 20 towns using fluoridated water, compared to 15 towns where the 

water was not fluoridated (Taves 1978). Luoma et al. (1973) found an inverse 

correlation between the perce~tage pre~alence of heart disease in male 

residents of four Finnish communities where fluoride in the drinking water 

ranged between 0.05 and 2.57 ppm. 

Okushi (1954) and Takamori (1955) described mycardial changes seen in 

children and adults using water supplies containing Oto 13 mg F/L. The 

changes described were shown by X-ray or electrocardiography. Unfortunately. 

in most instances only ranges of fluoride drinking water concentration are 

given and specific concentrations cannot be associated with the observed 

changes. However, from a careful examination of the tabular data presented by 

Okushi (1954), it appears that the lowest-observed-adverse-effect level 

(LOAEL) was 2.5 mg F/L. Changes observed at this dose included myocardial 

damage, sinus tachycardia and prolon~ed P-R arJ Q-T intervals. One 12-yeaT-

,old boy. consuming water with 2.5 mg F/L showed.no signs of myocardial injury. 

Morever, there may well have been a number of subjects unaffected at this 

concentration, in as much as the finding~ were negative in 14 to i6 subjects 

using waters containing 1.9 to 4.8 mg F/L, but for whom specific concentrations 

were not identified. Also, positive effects were seen in one child and two 
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adults for whom specific fluoride drinking water concentrations were not 

specified. Dr. B. Lawrence Riggs (personal communication) was unable to 

observe any electrocardiographical eHects in pati.ents receiving 30 t·o 63 

mg NaF/day or 13.6 to 29.5 mg F/day. Dr. Riggs confirmed this statement after 

reexamination of the data. 

7. Thyroid 

No significant effects on the incidence of abnormal clinical findings 

related to the thyroid gland were se·en in long-term residents of Bartlett, 

Texas, where the water supply contained 8 ppm fluoride (Leone et al. 1954). 

Geever ( 1958) examined thyroids t; ~--~~ - 1. autopsy from 728 persons who had used 

a water supply containing 2.5 ppm c- ~oride for periods of less than 5 to 

more than 20 years. Prolongee use of this water did not significant~y .affect . 
the incidence of pathological findings in this gland. 

D. Teratogenicity 

The study by Rapaport (1959) suggested a dose-related association·between 

the nu~ber of cases of ~ongolism re1ist~red in institutions and the concentra­

tions of fluoride in the watr:. This study bas been criticized by the Royal 

College of Physicians (1976). Among the errors cited in the study, the author 

based· his study on fluoride concentrations in the water of the communities 

where the mothers gave b·irth,. rather than on fluoride in the areas wheT"e the 

mothers lived during pregnan·cies. These findings have not been substantiated 

by other reports (Berry 1958, Needleman et al. 1974). 
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E. Hutaren ic 1 t > 

No data concerning mutagenic effects of fluoride in humans were found in 

the available literature (IARC 1982). 

F. Carcinogenicity 

Yiamouyiannis and Burk (1977) presented an analysis of mortality data 

which showed an increase in the cancer mortality rate among residents of 

fluoridated areas. This work has been criticized (Strassburg and Greenland 

1979, Oldham and Newell 1977). It was shown that Yiamouyiannis and Burk h"d 

failed to consider the age-sex-race structure of the populations they studied. 

Inclusion of these factors in consideration of the data invalidated the 

conclusion that fluoridation was responsible for an increase in the cancer 

~ortality rate. In other studies, Hoover et al. (1976) and the Environmental 

Health Directorate of Canada (1977) found no correlation between fluoridation 

of wa.ter and the cancer mortality rate. In addition, the National Cancer 

Institute, whose data were used as the basis of the study by Yiamouyiannis and 

Burk, noted errors, omissions, and statistical distortion and stated that, 

"results of this analysis fail to support any suspicion of hazard associated 

with fluori -~ation" (NCI 1975). 

The claims of Yiamouyiannis and Burk have also been re-examined by Taves 

(1979) and by Kinlen and Doll (1981) and found not to be substantiate~ by the 
. 

data. Kinlen and Doll have obtained additional information on the· numbers of 

deaths from cancer in the cities concerned, which permits a proper direct 
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~ethod of standardizing cancer death rates. The result~ were shown to be 

identical with the standardized rate determined by the indirect method, and 

both methods indicated less change in cancer m~rtality rates in th~ flu~ridated 

cites than in the nonfluoridated cities during the interval 1950 to 1970. 

Cook-Mozaffari et al. (1981) and Cook-Mozaffari and Doll (1981) examined 

cancer mortality in fluoridated and nonfluoridated areas, as well as trends 

after fluoridation, and concluded there was no evidence from E~gland, Wales, 

the r.s., Australia or Ne~ Zealand that ·addition of fluoride to water supplies 

increased the risk of dying from cancer. 

The International Agency for Reseorch·on Cancer (IARC 1982) concluded 

there was no evidence that an increased level of fluoride in the drinking 

~ater was associated with increased cancer mortality. Similar conclusions had 

been reached earlier by Rogot et al. (1978) and by the Governor'g Task Force 

on Fluorides (Office of Science and Technology,. State of Michigan 1979). 

G. Epidemiological Studies 

1. Mortality Studies 

The largest study of overall mortality rates in high-fluoride (0.7 to ,.o 
mg/L) versus low-fluoride (less than O. 25 mg/L) areas consider·ed 32 paired 

cities (Hag&n et al. 1954). The high-fluoride areas had a slig~tly nigher 

mortalit~· rate than the low-fluoride areas (1,010.6 per 100,000 population 

versus 1,005.0 per 100,000, respectively). The authors state that this 

VI-34 



difference i~ n~t statistically significant although they did not cite their 

criterion !or stutistical significance. 

There have been a number of additional &Latistical evaLuationo o! deat~ 

rates for all causes and death rates from specific causes in high-fluoride 

versus low-fluoride areas. The Illinois Department of Public Health (1952) 

published data on death rates from heart disease, cancer, nephritis, diabetes 

and all causes in populations using lov-fluoride (0 to 0.4 mg/L) surface 

waters as compared to populations usidg well waters with higher fluoride 

concentrations (~.8 to 2.0 mg/L). It was ~oncluded that "mortality experier.ce 

in Illinois offers little or no support for claims of adverse effects ~eing 

produced by limited ingestion of fluorides." 

An extensive mortality study in Colorado Springs, Colorado, provided 

information concerning pathological ·effect~ in residents after· prolonged u·se 

of water containing 2.5 mg/L fluoride (Geever et al. 1958). The study was 

based on 904 necropsies performed by resident physiciars in training under the 

senior author's direct supervision. Necropsy protocols were classified 

according tll the major c·ause of death, the contributing causes unrelated to 

the major cause and the incidental pathological condition. Comparative 

stati~tical analyses ~f the pathologic find_ngs revealed no significant 

differences that could be related to length of residence in the areas. For 

exa~ple, there were three deaths attributed to bone cancer in 334 long-tenn 

residents (more than 20 years) and two bone canceT deat~s in 188 short-terr. 

r~sidents (less than 5 years). 
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The Mini~try of Health (England) reported on mortality and morbidity in 

high-flu~ride (O.~ to 5.8 mg/L) versus low-fluoride (less than 0.2 mg/L) areaF 

(Hea.sman and Martin 1962). According to the -authors, there was n~ dU f erencP 

tn overall mortality between the two groups (approximately 200,000 in each 

area). Notable was the fact that stomach cancer was shown to be no more 

prevalent among heavy tea drinkers than among those w~ose daily consumption uf 

tea was moderate. (Brewed tea adds about 1 mg/L fluoride to tre water in 

which it is prepared.) 

2. Skeletal Effects 

Leone et al. (1954) compared the effects of exposure ~o fluoride in 

drinking water in a high-fl~oride area (Bartlett, Texas; 8 mg/L) and a 

low-fluoride area (C~meron, Texas; -0.4 mg/L). Th~~ study commenced in 19L3, 

before the practice of fluoridating drinking water was inttod~ced. A total of 

116 individuals living in Bartlett were given thorough physical exacinations. 

As controls, 121 individ~als living. in (~~eron were also examined. The to~"tls 

were similar ~-ith regard to geography a~J racial composition with the 

principal occupation in be.th tows being agriculture. In 1943, 57.8 percent 

of the Bartlett participents were 55-yea!s-old or older ~1ereas only 47.2 

percent of the Cameron part~ .ipants were in this age category. In 1953, this 

age category accounted for 55.2 and 46.9 percent of the 10-year pa~ticipants 

in Bartlett and Cameron, respectively. Thus, there were more older persons 

~cong the Banlett partic:!.par.ts. The· male-female ratio .for 1:oth grqup_s ,..c:s 

appr~ximately 1 to 2 in both 1943 and 1953 •. At 8 mg FIL, the Bartlett water 
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w;ii:: at>C'ut eleven ·times ::he currently ret:t'inized optir.:uC'. for preventinJt deJ\t£1~ 

caries under the prevailing climatic conditionf:, 

Both water supply systems had been in continuous use since the turn of 

the century and the selected individuals in each community had been in 

continuous residence for at least 15 years at the time of the surv~y was 

begun. In 1953, ten years after the initial examinations. follow-up 

exa~inations were administered. Average length of fluoride exposure in 1953 

was 37 years in the high fluoride area and 38 years in the control area (Leone 

et al. 1955). All of the original participants were accounted for in the 

f ollo"'·-up study. 

The results of these examinations are listed in Tables VI-8 and VI-9. 

The ~omprehensiveness of the physical exa~inations is evident from these 

tables. However, very few statistically significant differences (P•0.05) were 

found between :he two groups. These were limited to greater incidence rates 

of cardiovascular abnormalities and for urinary albumin, and lower rates for 

white blood cell counts, neutrophiles and lymphocytes, in the Cameron 

residents. The nature of the differences, however, does not necessary 

establish a conclusiye dose-response relationship associated with fluoride 

exposure. It should also be nqted that the incidence o! bone fractures was 

greater in the Bartlett residents (Table VI-8). However, this difference was 

not ~tatistically significant at the P•0.05 l~vel. The greater number of 

olcer persons (as \."ell a!:' accident rates, athletic acth·ity anc other 

~on-fluoride rela~ed factors) in 1953 amupg the Bartiett participar.ts may have 

influenced this incidence rate. Dental fluorosis was evident in all Bartlett 
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Tahle Vl-8 Incidence of Abnormal Clinicol Findin~~. 1943-1953 

Bartle-tt Cameron 
Number Number Number Number 

Cha~acteristic Studied at Risk Abnormal Rate% at Risk .Abnonnal Rate 4 

·Arthritic change 80 11 13.8 89 13 14.6 
Blood pressure 

Sys. 151 mm/Hg and over 58 18 31.0 81 20 24 • ., 
Dias. 100 mg/Hg and over 73 11 15.1 83 11 13.3 
Pulse pressure 75 11111/Hg 70 9 12.? 89 16 18.0 

and over 
Bone chanfies a 

Density 74 7 9.5 81 2 2.5 
Coarse t~abeculation 74 4 5.li 81 2 2.5 
H;;·1>ert rophic 74 8 10.8 81 6 7. t. 
Spurs 7li 1 1." 81 4 4.9 
Osteoporosis 74 5 6.8 81 10 12.3 

Bone, increased density 66 1 1.5 79 
(new cases) 

Cataract and/or lens opacity 79 8 10.l 85 12 14.1 
Th)·roic 74 3 4. l 82 6 7.3 
Cardiovascular (except 80 10 12.5 92 22 23. 9 

uncomplicated hypertension)(c) 
Heating (decreased acuity) 72 14 19.4 78 10 12~8 
Tumor and/or cysts 80 12 15.0 92 10 10.9 
Fractures ·80 12 15.0 92 7 7.6 
Urinary tract calculi 72 14 19.4 .76 12 15.8 
Gall Stones 73 0 0.0 80 l 1. 2 

a Bone changes determined ~y simultaneous reading of identical views of X-rays takEr. 
bin 1943 and r~peated in 1953. 
Bartlett: li increased c!~nsitv, 3· decreased density. Ca:::ier.0:1: 2 increased densi"t'-·. 

C • J 

Significant difference between Bartlett and Cameron at p=0.05. 

Adapted from Leone et al. {1954). 
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Laboratory Determination 

Hemoglobin 

Hemntocrit 

Red blood cell count 

White blood cell count 

Oifferentiol count 
Neutrophiles 

Lymphocyte A 

Eos fnoph UtHI 

Sedimentntlon rRte 

Blood clilc1.um 

Serology (S~T.S.) 

Urine albumin 

Urine glucoRr. 

Table VI-9 Prevalence of Abnormnl J,ahorntory Finding!'!, 1943-1953 
(Pnrticipants Re,:;iding tn Study Aren for the Ten-Year. Period) 

Bartlett Cameron 
Number Number Number Number 

Year Examined Abnormal. Rate% Examined Abnormal Rate% 

)943 I l fi 34 29.3 121 37 30.6 
)953 79 20 25.3 83 · 26 31.) 
1943 -. 
)953 79 5 6.3 82 7 8.5 
I :,4 3 116 25 21.6 121 24 19.8 
1c;53 80 6 7.5 85 2 2.4 
1943 116 17 14. 7. 121 5 4. I 
1953 78 11 14. I 82 7 8.5 

194.3 71 15 21. l 71 6 8.5 
1953 78 23 29.5 82 13 15.9 
1943 71 2 2.8 71 l 1.4 
1953 7R 35 44.9 82 36 4).9 
I CJ/, 3 71 0 0.0 71 0 0.0 
1953 78 6 7.7 R2 14 I 7 . 1 
1943 
1953 79 31 39.2 83 22 26.5 
1943 
ICJ53 79 9 11.4 66 7 10.6 
l'>43 71 2 2.8 71 3 4.2 
I 95 3 84 2 2.4 95 2 2. I 
1943 115 ) 2.6 121 10 8.3 
1953 77 5 6.5 R5 12 14 • 1 
19113 115 2 I. 7 121 4 ).) 
1953 77 0 0.0 85 I I. 2 

Adnptr.,I from T.eone et nl. ( I 951,). 

Slgnlflcant 
o·Hrerence· 
(P • 0.05) 

No 
No 

No 
No 
No 
Ye!I 
No 

YeR 
Ye~ 
No 
Ne, 
No 
No 

No 

No 
No 
No 
Yes 
No 
No 
No 



participant~ who were born and in continuous residence there during the 

for~ation of the peroanent dentition. There was also one in~tance of dental 

fluorosis in a Cameron resident vith a history of early fluoride exposure. 

Leone et al. (1955) reported a comparison of radiographs taken in 1943 

and 1953 of the participants in the Bartlett-Cameron study. The findings 

reported were limited to an evaluation of anterior-posterior views of the 

lumbar spine, sacrum, pelvis, trochanters and the proximal one third of the 

femur. These regions were chosen because the earliest and most definitive 

skeletal changes associated with fluoride occur in these areas. In 1943, 16 

of the Bartlett residents shoved "roentgenographic bone changes in varying 

degree ••• considered of interest to this study." Ten years later, nine of 
.• 

these subjects showed no further bone changes., four showed increased bone 

density, three showec a decrease toward a "normal" appearance and one ne"'' case 

of increased bone density was identified. 

The radiographs indicated ~hat in persons using the water supply 

containing 8 mg/L fluoride about 10 to 15 percent of the population who 

resided in the Bartlett area for an average of 37 yeacs experienced an 

increased bone density (with or withcut coarsened trabeculatio~) with a 

"ground-glass" appearance. Other observations included coarsened 

trabeculation, showing lines of stress without increased bone density and 

increased thickening of cortical bone and periosteum with equivocal narrowing 

of the bone ~rrow spaces. These changes are slight, often difficult to 

recognize and in most instances equivocal in nature. Apparently, thesa 

changes are not deleterious ~ithin the level of statistical significance for 
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this study because there was no unu~ual incidence of bone fracture, arthriti~. 

hypertrophic bone changes or exostoses; nc- inter.ference with fracture healing; 

no cases of "~oker back"; and no evidence of associated functional or systemic 

effects. Bone biopsy samples for the determination of fluoride concentrations 

were not taken. 

The study by Leone et al. (1954.) is the only one of its kind available on 

U.S. residents who have used high-fluoride waters for a prolonged period. It 

is interesting to note that only a small proportion of the study population in 

Bartlett was affected to the extent described by Leone et al. (1954). It 

should be noted that Singh and Jolly (1970) called attention to the fact that 

advanced radiological changes reported from hyperendemic areas of India are 

not universally seen in the population as a whole. Singh and Jolly (1970) 

have suggested that ~utritional status, other sources of fluoride i~take and 

involvement in heavy labor in a hot climate may influence t~e incidence of 

severe fluorosis in these Indian populations. We have no information on these 

factors in the Texas co11DD.unities studied by Leone et al. (1954). However, the 

possibility of hard work in hot temperatures, resulting in the ingestion of 
<) 

large amounts of water, may be a significant factor for these tvo a.gricultural 

communities. 

Leone et al. (1960) compared the radiological findings from 546 residents 

between 30- and 70-years-old of Framingham, Massachusetts, (0.04 mg/L 

fluoride) vith those of residents of Bartlett, Texas, (8.0 mg/L fluo~ice) and 

ca~eron, Te~as, (0.4 mg/L fluoride),cited earlier by Leone et al. (1954). The 

prevalence of increased bone density and coarsened trabeculation were 
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siinif1cantly le~~ in Fra~ingha~ than in Bartlett, and comoarable to the rates 

observed 1n Car:ieron, The prevale.nc~ of liftamentous ralci ficat ion (b<'ne spurs) 

was higher in Framingha~. Also. there v&s an unusually high number of CQ~es 

of osteoporosis in the Framingham population. The authors suggest that 

deleterious effects on the bone structure of adults may be associated with 

prolonged use of lo~-fluoride waters. 

Stevenson and Watson (1957) reported roentgeno@raph_1c changes typical of 

fluorosis. In this study. medical records on file at the Scott and White 

Clinic (Temple. Arizona) for the period fro~ 1943 through 1953 were examined. 

Only 23 instances of a roentgenographic diagnosis of fluoride osteosclerosis 

were found in a total of approximately 170,000 roentgen examina~ions of the 

spine and pelvis. These cases were associated with individuals (44- to 

85-years-old) who resided in Texas or Oklahoma and, in one instance, in 

Kansas. Four of the 23 subjects used water containing 8.0 mg ·F/L, three used 

water containing 7.6 mg F/L, seven used water containing 5.0 to 5.4 mg F/L and 

one used water containing 4.0 mg F/L. Specific water supplies and fluoride 

concentrations were not identified for the remaining eight persons. huwever, 

they all lived in areas knovn to be high in fluorides. The earliest changes 

were observed in the pelvis and lumbar spine and consisted of slightly 

increased bone density and a slight "ground-glass" appearan~. The most 

advanced changes encountered were 2 -chalky white appearance of the vertebral 

column and pelvis. and a slightly incre~sed density and coarse trabecular 

pattern in the ribs. There t-as slight roughening of the per::i.o!'teu:i of bo:1es 

of the forearm or legs i.n a h..- patients. Calcificatior, of the sacrospinous 

and sacrotuberous ligac,ents was also observed; No relationship wa,s evident 
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between the roentgenograp.hic finding1- and the clinical diagnosh of the 

patients' condition. Stevenson and ~atson (1957) concluded that 

roetgenographically detectable fluoride osteosclerosis was not produced by 

drinkin~ water containing less than 4 mg F/L. 

Hodges et al. (1941) concluded that prolonged use of water supplies up to 

3 mg F/L did not cau~e radiologi:ally demonstrable sclerosis of the skeleton. 

In this study roentgenograc~ were made of the pelvis and lower lumbar spine of 

86 subjects who had used water supplies containing 1.2 to 3.0 mg F/L for none 

to 61 years (ages were 7.5 to 71 years), and of 31 subjects 18- to 

78-years-old ~ho had used drinking water containing approximately 2.5 mg F/L 

for 18 to 68 years. Generalized skeletal sclerosis vas not observed in any of 

these 117 su~jects. 

Dinman et al. (1976) evaluated 56 persons occupationally expcsed to 

airborne fluorides· in the aluminum industry. ln this study preshift urinary 

fluoride concentrations less than 4 mg F/L were apparently not associated with 

increased bone density, alteration of trabecular patterns or ligamentous 

calc-ification, as revealed by X-ray examination. According to Figure III-3 a 

urinary concentration of 4 mg F/L in adults corresponds to a concentrati~n of 

approx.imately 4 mg F/L in the drinking ,..ater. 

3. Effects in Children 

One of th~ earliest fluoridation ~tudies involved complete pediatric 

exami~ations during the first ten years of .exposur~ to elevated fluoride 
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leve l6. Five hundred children in Nrvburgh, 'l'ie'" York, "the fluoride ted city" 

(1.2 mg/L flu~ride in the drinking water), were compared to 405 children in 

Kingston, New York, the control city ("essentially fluoride-free"). Thr 

examinations included -roentgenograms (of tl\e right hand and wrist, both knees 

and the lumbar spine), blood and urine analyses and general physical 

examinations. Smaller groups of children were subjected to special tests 

including; visual ~cuity, hearing levels and additlonal urine analyses. The 
. 

urine analyses were designed to evaluate if fluoride had an irritating effect 

on the kidneys. After evaluation of the data from all examinations, it was 

concluded that there were no differences of medical significance between the 

two groups of children {Schlesinger et al. 1956b, Ast et al. 1956). 

Sp~ctfically, ~1th .regard to bone, there was no evidence of increased bone 

density or alteration in rate of skeletal maturation. 

McCauley and McClure (1954) compared· radiographs of the right hand and 

wrist for a total of 2 ;050 children, 7- to 14-years-old, residing in Amarillo 

or Lubbock, Texas, to those in Cumberland, ~~ryland. The drinking water in 

the communities contained 3.5 to 4.4, 3.3 to 6.3 and 0.1 mg/L fluoride, 

respectively. Skeletal age and quantitative inde~ of ossifica~ion were 

derived froc the radiographs. The data indicated that calcification of the 

carpal banes of the childrr I was ~ot affected by exposure to fluoride, nor \;as 

there any evidence of advanced skeletal maturity and bone development. In as 

~uch as development of bones of the han~ and wrist parallels that of the rest 

of the skeleton, the authors concludec that skeletal development th~oughout 

the body was not ·affected by fluoride e·xpo~ure. 
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Skeletal fluorsis in children haF not been reported in this country. 

However, skele·tal effects have been descri~ed in Indian children and children 

in Tanzania. Teotia et al. (1971) found diagnostic radiological findings in 

six l11~!an children, 11- to 14-years-old. Water from four wells in the 

district oi Rai Bareli Uttar Pradesh contained 10.35 to 13.5 mg/L fluoride. 

The duration of symptoms was one to ten years. Grossly limited movements of 

.the spine, thoracic kyphosis and flexion deformities of the hips and knees 

(suggesting crippling fluorosis) were present in four children. Mottled 

discoloration of the teeth was present in five cases. Skeletal radiographs 

showed osteosclerosis of the spine and pelvis in six cases. Four cases 

demonstrated coarsened trabeculation in the knees and elbows and calcification 

of the interosseous membrane of the foreaI'lll. 

Teotia et al. (1979) examined 550 childrer., 4- to 15-years-old, from the 

same district of India and found diagnostic radiological findings in 200 of 

the children. The effects observed included; osteosclerosis (particularly of 

the spine, pelvis and thorax), periosteal bone formati~n. exostoses and 

calcification of ligacents, interosseous membrane and muscle attachcents. 

Roentgenological findings typical of hyperparathyroidis~ were seen in 43 

cases. Of the 200 children with diagnostic radiological changes, 32.5 percent 

were sycp om-free, 67.5 percent were S.f1Dptomatic, 51.5 percent were without 

crippling deformities and 16.5 percent were crippled. All of the children 

showed mottled discoloration of the teeth. Water from four wells in the area 

ccntained 24 to 26 mg/L fluoride. 
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Wenzel et al. (1982b) examined the effects o! fluoride on dental· enamel, 

skeletal maturity and bone structure in 11- to 15-year-old Tanzanian girls. 

The children were born and raised in areas where the drinking water contained 

< 0.2, 1.5, 2.5 or 3.6 mg/L fluoride. Dental fluorosi& was positively 

associated with fluoride concentration in the drinking water. No conclusions 

could be drawn re-garding the effect of fluoride in the water on skeletal 

maturity. This was attributed to differences among the groups in nutritional 

state and exposure to disease, There was, however, a correlation between 

retardation of skeletal maturity with increasing dental fluorosis for the 

group using water containing 3.6 ~g/L fluoride. The authors suggest that 

increasec fluoride exposure slows skeletal maturation. However, due to the 

very wan:i clicate of Tanzania, drinking water. intake would have a significant 

impact on the total dose. Such a relationship was not evident in a similar 

study of 12- to 1~-year-old Danish girls whose drinking water contained< O.~ 

or 2.4 mg/~ fluoride (Wenzel et al. 1982a). 

4. Other Studies 

•> 

Other epidemiological studies include one in Russia (Knizhnikov 1q5a) 

where the hearth of natives of Shchuchinsk (3.4 to 4.0 1:1g F/L) was cor.pared 

"With that of nati\'eS i•, Kokcheta\• (0 to 0.9 mg F/L). In add tion to the usual 

ex~cinat~ons of bones and teeth, the participants were examined for 

hypertension, bradycardia, somnolence, coagulation of blood, parathesis and 

urticaria-type r~sh. All of the illnesses listed were less fre~uent in the 

fluoride area than in the control area with the exception that severe dental 

fluorosis was prevalent in the fluoride area •. Also, there was ar. unexplained 
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and unusually low incidence o! diseases of bones, muscles and joints in the 

fluoride area . 

. A case-control study in South Carolina concluded that high fluoride 

concentrations in drinking water (4.18 mg F/L) exert a protective effect 

against the development of primary degenerative dementia (Still and Kelley 

1980). The authors hypothesize that fluoride attenuates the neurotoxicity of 

aluminum. There are some weaknesses in the study, one of which is that it was 

based on hospital admissions rather -than on occurrence rates. 

H. Summary 

Fluoride has been sho'Wil to have several beneficial effects, both in terms 

of general health and in the treatment of specific diseases. Numerous studies 

have documented the benefits provided by fluoride in preventing dental caries 

in children. Many of these studiE:s evaluated the transition to adverse den·tal 

effects (fluorosis) at higher dose levels. Conclusions from these stud:es 

indicate that the beneficial effects are obtained and the adverse effects 

prevented when the drinking water (in an aver~se temperature climate) is 

approximately 1 mg,'L. 

Fluoride has been demonstrated to have a positive effect on bone develop­

ment and has found applic~tion in stimulating new bone growth in patients with 

osteoporosis. To a lesser degree, fluoride has also been sugs~sted to have 

possible effects on the cardiQvascular systec (i.e., reduced aortic 
. ' 

calcification when drinking water contained 4.0 to 5.8 mg F/L).and hearing 
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(1.e., Fta~ilization of the sensorineural component of hearing loss in 

patients with active otospong1osi~ when 40 t~ 60 cg was ad~inistered daily), 

A "certainly lethal (single) dose" of NaF for a 70-kg man is estimated tc, 

be S to 10 g or 70 to 140 mg/kg. Fluoride may· C!'luse a wide variety of toxic 

e• ects in humans. Among these, the claims of allergic or idiosyncratic 

sensitivity, mongolism and cancer have not be~n substantiated. On the con­

trary, sound evid~nce suggests that fluoride does not cause sensitivity, 

mongolism or cancer. There is evidence which suggests that persons with 

chronic renal insufficiency may have a lower margin-of-safety for the toxic 

effects of fluoride. 

Chronic exposure to either too lo~ or too high a concentration of 

fluoride may have deleterious effects on the skeletal systec. An increa~e in 

the incidence of severe osteoporosis was correlated with use of drinking water 

containing 0.4 mg/L fluoride. Severe skeletal fluoros.is has been reported in 

persons living in areas of naturally high fluoride concentrations (up to 14 

mg/L). Radiologically de.tectable osteosc1£rosis has been observed ira about 

10 percent of long-teI'111 residents using water supplies containing 8 mg/L 

fluoride. Retardation of skeletal maturity has beec obse~ved in children 

using a water supply conta~Jing 3.6 mg/L fluoride. In ~th~r situations, 

skeletal fluorosis has not been described in populations whose water supplies 

contained less than 4 mg/L flubride. 

A.~ im?ortant effect of fluoride is dental fluorosis (mottied e~a~el). 

Sucerous studies have examined the relationship between concentrations of 
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fluoride in co~~unity drinkins ~a:er supplies anc the occurrence of de~tal 

fluorosis. Some studies have detProined that the acceptable le\·el of fluoridi· 

in water varies with the mean annual temperature of the area in question, 

because people drink more water when the environment is warmer. In one study, 

concentrations 6f fluoride causing cosmetically "objectionable'' dental 

fluorosis .varied from -0.8 mg/Lat mean temperature of 70°F to 1.7 mg/Lat mean 

temper~ture of 50°F (estimated to equal 0.05 mg/kg/day). The Agency, however, 

has concluded that there is insufficient data to quantitatively incorporate 

temperature in any future drinking water regulations. Concentratio~s 

associated.with intentional fluoridation of drinking water (0.7 tc 1.2 mg/L) 

have not shown adverse effects on health or longevity. Factors considered 

include growth, effects on .the kidney, cardiovascular system and thyroid, 

teratogenicity and mutagenicity. 
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\"I I. MECHASI SMS OF TOXICITY 

A. Acute Effects 

The mechanisn by which fluoride causes acu~e lethality at high doses has 

not been fully d~fined. Qbviously. there is interference wit, the normal 

metabolism of cells and essential enzymatic reactions u:ay be blocked. There 

may be interference with the origin and transaission of nerve impulses, 

perhaps as the result of calcium complex formation. Other metabolic roles of 

calciu~ may be interrupted (e.g., b!ood clotting and membrane perweability). 

Also, there may be severe renal tubular damage and injury to the muc~sa ~f the 

stomach and intestine. Vomiting and diarrhea result in appreciable wate, 

losE, ele~trolyte imbalance and a clinical picture of shock (Hodge and S~ith 

1965). 

B. Skeletal Effects 

Fluoride is involved in bor.e mineral deposition in several ways. It may 

be e£sential to the p.recipitatiou or nuc.leation of t!,e apatite lattice ir. an 

otderly fashion or. collagen fibers. Fluoride froi:: extracellu1ar fluid. 

exc.hanses with hydr.oxyl ions and perhaps bicarbonate ions i.1 the surf ace laye:­

of hydroxyapatite crystals to foTiil fluorohydroxyapatite. This material sho~s 

an increased crystalline structure and less solubility than does hydroxy-

·apatite. Fluoride is incorporated 1 .. 1:0 the inner layers of the cr::,,·stal 

lattice, as well as on the suface of ne~ly formed crystals, by the accretion 
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o~ ne._ minerol. Osteodastic resorpriori of old bone and osteoblsstic deposi­

t1~n of ne._ bone, resultin~ in continual remod~ling of the skeleton, allo,..s 

relea~e and re-uptake of fluoride into bone 2ineral. Fluoride apparently 

increases th£- rare of formation of ne,.. bone, the n11mber ·of osteoblasts and the 

serum activity of the osteoblastic iso-enzyme skeletal alkaline phosphatase. 

The effects of fluoride may be modulated by parathyroid hormone and by human 

skeletal growth factors (Neuman et al. 1950, McCann and Bullock 1957. Smith et 

al. 1953, Zipkin et al. 195·6, Hodge and Smith 1981, Faccini and Teotia 1971., 

Farley et al. 1983). 

C. Dental Effects 

Evidence suggests that dental fluorosis results from effects of fluoride 

on the ace~oblasts. Developing enamel and enamel-forming cells are the first 

to respond when rats are injected with sodium fluoride. The newly fonned 

enamel matrix is faulty and poorly mineralized. The staining frequently seen 

with mottled teeth may be the. result of oxidation of organic material 

integrated in the dental st~uctures. lt has also been suggested that it may 

be related to food pigments which have penetrated the hypoplastic enamel. 

Mottling, however, does not determine the degree of dental fluorosis (Schour 

and S·.dth 1934, Schour and Poncher 1937, Sh.pe et al. 1963, Gabo'.'ich and 

Ovrutsky 1969, Dean 1934). 
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D. Surrcarv 

The mechanisD for acute lethality at high fluoride dose levels is not 

fully definet!. 1 t is believed that certain essential enzymatic reactions ma\' 

be blocked and there may be interference with the origin and transmission of 

nerve impulses. ·The metabolic roles of calcium and physical damage to the 

kidney and the mucosa of the stomach and intestine are also believed to be 

associated with the acute lethality mechanism. Fl~oride interacts vi.th bones 

and teeth by replacing hydroxyl or bicarbonate ions in hydroxyapatite to fon:: 

fluorohydroxyapatite. Fluoride may function as an essential key to bring 

about precipitation or nucleation of the apatite lattice in an oriented 

fashion on collagen fibers. Accretion of ne~ cineral continues, and fluoride, 

brought to the surfaces of ne~ly formed crystals by the extracellular fluid, 

replaces the hydro~"jl ion. As crystal gro~th continues, fluoride is 

incorporated into inner layers of the crystals as ~ell as on the surface. 

Remodeling of the bone struc~ure takes place by an interplay of osteoclastic 

resorption of old bone and osteoblastic deposition of new bone. The presence 

of fluorohydroxyapatite increases the crystalline structure of the bone 

ond reduces its solubility. Avail~ble evidence suggests that dental fluorosis 

results from toxic effects of fluoride on the epithelial er.aoel organ. 

Specifically, several inve tigators have shown that ame~oblasts are 

susceptible to fluoride. Dental staining often accompanies fluorosis but does 

not itself determine the degree of fluorosis. The stainin_g is believ·ed to be 

due to the cxidation of organic caterial in defective e~a=el or the 

penetration of hypoplastic sections of enamel by focd pigments. 
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\'I I I. Ql'A."TIFICATIOK or TOXICOLOGICAL EFFECTS 

The quantification of toxicological effects of a chemical consists of ar 

assessment of the non-carcinogenic and carcinogenic effects. In the 

quantification of non-carcinogenic effects, en Acceptable Daily Intake (ADI) 

is calculated. An Adjusted Acceptable Daily Intake (AADI) and Health Advisory 

(HA) values for the chemical are then calculated to define the appropriate 

c!rinking \later concentrations to limit human exposure. For ingestion data, 

this approach is illustrated as follows: 

ADI .. (NOAEi or LOAEL in mg/kg/day)(Body Weight in kg) .. mg/day 
Uncertainty/Safety Facto~ 

AADI .. ADI • mg/L 
Drinking Water \'olu:ne in L/day 

were:· 

NOAEL • no-observed-ad,•erse-effect level. 

LOAEL .. lo,.,est-observed·-adverse-effect level. 

Body \leight • 70 kg for adult or 10 kg for child. 

Drinking water volume• 2 L per day for adults or 1 L per day 

for children. 

l!nce .. ~ainty/Safety Factor • 10, 1ro or 1,000., 

Utilizing these equations, the follo~9ing drinking \later concentrations 

are developed for non-carcinogenic effect~: 
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! . A one-day HA for 10-kg child . 

., 
A one-day HA for 70-Jr.(: adult . . . 

3. A ten-day HA for 10-~tt child. 

4. A !en-day HA for 70-ktt adult. 

5. A lifetime AADI for a 70-kg adult. 

The distinc.tions made between the HA calculations (items 1 through 4) are 

associated with the duration of anticipated exposure. Items l and 2 assuree a 

single ac-ute exposure to the chemical. Itec!= 3 a::d 4 assume a limited period 

of exposure (possibly 1 to 2 weeks). The HA values will not be used· in estab­

lishing a drinking water standard for the chemical. Rather. they will be used 

as informal scientific guidance to municipalities and other organizations when 

emergency spills or contamination situations occur. The AADI value (itec 5) 

is intended to provide the scientific basis for establishin~ a drinking water 

standard based upon non-carcinogenic effects. 

A ~OAEL or LO!\EL is determined from animal toxicity data or human effects 

data. For animal data. this level is divided by an uncertainty factor because. 

there is no universally acceptable quantitative method to extrapolate from 

ani~als to hu:an~. The possibility cust be considered that hU:llans are more 

sensitive to the toxic effects of·checicals than are animalt. For hu~an da:a, 

an uncertainty factor is also used to account for the heterogeneity o! the 

human population in which persons exhibit diffe·r.ing sensitivity to toxic chei:::lcals, 

An Of:ice o! Drinkin1t ~ater (OD~)-:o~ification of the g~!delines set fo~tr. ~Y 

the 1'ational Ace.dee)" of Sciences (l\,\S l 977 • 1980) i-s typically used in 

establishing uncertainty factors as follows: 
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• An uncertAinty factor of JO is u8ed ~hen good acutr or chronic hu~a~ 

exposure data are available an~ supported by acute or chronic 

toxicity data in other species. 

• An uncertainty factor of 100 is used when good acute or chronic 

toxicity data identifying NOEL/NOAEL are available for one or more 

species, but human data are not available. 

• An uncertainty factor of 1,000 is used when li~ited or incomplete 

acute or chronic toxicity data ~n all ~pecies are available or when 

the acute or chronic t·oxicity data identify a LOAEL (but not 

NOEL/NOAEL) for one or more species, but human data are not 

available. 

The uncertainty factor used for a specific risk ~ssessment is judgmental. 

Factors that cannot be incorporated in the NAS/00~ guidelines for selection of 

an uncertainty factor, but must be considered include: (1) the quality of the 

toxicology data, (2) the significance of the adverse effect and (3) the 

existence of counterbalancing beneficial effects. 

If toxicological evidence requires thr checical to be classified a~ a 

potential carcinogen (there is insufficient evidence to classify fluoride as a 

car~inogen following oral exposure), mathematical.models are used to calculate 

the estioated excess ca~cer risks associated ~ith the ingestion of the 

checical via frinking water. The bioassav data used in these esticates are 
' . 
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froci an:!r.:al experimentE:. ln order tc- precHct the rbk for hur:ians, these date 

t::uH be converted to an equivalent human do~e. Thh conversjon include~ 

correction for non-continuous animal feeding, non--Ufetirne studie!= and for the 

difference in size. The factor that ccmpensate~ for the size difference :ls 

the cube root of the ratio of the anical and humAn body weights. It is 

assumed that the.average human body weight is 70 kg and that the average human 

consumes 2 liters of water per day. The multistage model is then fit 

t~ the equivalen~ human data to estimate the risk at low doses. The upper 95: 

confidence limit of this estimate is used. Excess cancer risks can also be 

estioated using other models such as the one-hit model, the Weibull model, the 

lo~it model and the probit model. There is no basis in the current 

understan~ing of the biological mechanisms. involved in cancer to choose among 

these models. .The estim~tes of lo"'· doses for th'ese models can differ by 

several orders of magnitude. 

The scientific data base used to calculate and support the setting of 

~isk rate levels has an inherent uncertainty. This is because the tools of 

scientific measurement·, by their very nature, involve both systematic and 

randoc error. In most cases, only studies using experimental. animals have 

been performed. There :ls thus uncertainty -when the data are extrapolated to 

hu::ians. When developing ..-1sk rate levels, several oth,.r are2s of unc·ertainty 

exist, such as (1) incomplete knowledge concerning the health effects of 

contaminants in drinking water, (2) the impact of test animal age, sex and 

species and the nature of target orga~ sy•te~s exa=ined on the toxicity stu~y 

results and (3) the actual rate of exposure of internal targets in test 
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ani~alF or hucans. Dose-responFe data are usually only available for hi~h 

levels of exp~sure, n~t for the lover levelF of exposure for which a stan~ard 

is being set. When there is exposure to more than one contaminant, additional 

uncertainty results from a lack of information about possible synergistic or 

antagonistic effects. 

It has been concluded, however, that the foregoing risk assessment 

procedures are not appropriate for application with the available fluoride 

data. The typical assessment assumes a high to low dose extrapolation will be 

made. In the present case, the extensive availability·of human data requires 

an interpolation rather than extrapolation. Possibly more icportant is that 

the typical a~sessm~nt procedure does not provide for any quantitative inputs 

for a chemical's potential beneficial effects. Fluoride has well documented 

beneficial effects that must be addressed (balanced) during the assessment. 

Thus, the assessment that will be performed for fluoride must rely largely 

upon an interpolatio_n of the available human data and give due consideration 

to balance the required degree of hu~an health protection fro~ adverse effects 

~~th the documented beneficial effects. 

A. 

l. 

Non-Carcinogenic Effects 

Short-Tet'l!: Exposure ,.~ 
Acute toxic effects in the huoan follo~ing ~ngeFtion of fluoride have 

been -described by Lidbeck et al. (l 94j). In this instance, ingestion resulted 

froc the inadvertent mixing of roach powder containing sodium fluoride with 
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food bein~ ~erved in an instJtution, but no relioblP measure of the amount of 

fluoridP ingested wa~ possible. The initial effect of raridly in~esting lar~e 

amounts of flu~ride is irritation of the gast~ointestinal tract, causing 

vor.!ting and diarrhea. Both the vomitus and the feces may contain blood. 

These symptocs may proceed to collapse and eventual death (Lidbeck et al. 

1943). No single. target system appears uniquely susceptible to these acute 

effects, suggesting that fluoride acts as a general systemic poison at very 

high doses. This explanation is consistent with the ability of hi~h 

concentrations of fluoride to bring about a state of bhock, to inhibit 

essential enzymatic processes such as cellular resp1ration and to interfere 

with essential roles -of calciu~ (Hodge and Smith 1965). 

Black et al. (1949) described the ~ffects of fluoride administered to 

mere than 70 patients for periods of five to six months. Most of these 

subjects, suffering from malignant neoplastic disease, were being treated with 

metabolic inhibitors. Some were leukemic children 3 to 6.5 years old, while 

others were adults including elderly individuals. Doses for the children were 

20 to 50 mg NaF (9.0 to 22.5 mg F) four times daily. Doses for adults were 80 

mg NaF (36.3 mg F) four times daily. The material was administered orally 

~ith an antacid containing 4 percent aluminum oxide or as an er.eerie coated 

~ablet to avoid !astric -irritation. N~ evidence of systecic toxici~y or o! 

parenchymatous damage was seen which could be attributed to fluoride, even 

though some patients had received more than .27 g of sodium fluoride over a 

period of three months. Criteria evaluated included gro~th and develop~ent in 

the chilcren, mottled ena~el, eruption o! permanent te~th, hemalopoiesis, liver 

function, ajbu~in-globulin ratio, blood sugar and chol~sterol concentrations 

. VIII-6 



and k~dney functinn: Postmdr~e~ d~ta fro~ four cases shnved no parenchy~Rtou~ 

de£eneration attrihutablP to fluoride. I~ hyperten~ive patient~ a tendency 

wns noted for decreased diastolic and systolic blood pressure. Jn tw~ 

patients with functionin~ colostoreies there wa~ nn apparent .effect of 

fluoride on the exposed mucosa of the colon. 

2. Long-Ten:i Exposure 

Comprehensive investigations by Shupe et al. <1963) evaluated the effPcts 

of fluoride or. dairy cattle to include changes observe~ in the teeth. In this 

study pairs of cows were fed rations containing 12 (normal), 27, 49 or 93 pp~ 

fluoroxide on a total dry matter basis. Feeding was continued from 4 months 

to 7.5 years of age. Depending upon the amount of fluoride ingested, affected 

teeth erupted ~~th different degr.ees of mottling, staining, bypoplasia ar.d 

hypocalcification. The follo~ing tooth classifications were established: 

(0) Nonnel: smooth, translu·cent, glossy white enamel; tooth norm-al 

shovel shape. 
") 

(1) Questionable effect: slight change, exact cause not determined; may 

have enamel flecks; cavities may be unilateral or bilateral but w!th 

the absence of mottling. 

(2) Slight effect: slight mottling of enamel; may have slight stainin~ 

but no wear; teeth normal shovel shape. 

(3) moderate effe~t: definite mottling and staining o! enamel; coarse 
, .. 

mottlirii (large patches·~t chalky enamel); teeth cay have slight 

signs of wear. 
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(') Herked effect: definitP mottlinR, ~ta1n1n~ and hypopla~in: ~ey have 

pitting of enamel; definite wear of teeth; en~~e] may be a pa:e 

cream color. 

(5) Excessive effect: definite ero~ion of enamel with excessive wear of 

teeth; staining and pittin~ of enamel may or may not be present. 

In cattle consuming the highest dose of fluoride (i.e., 93 ppm in the 

ration) the incisors were classified as 4 to 5, beginning as early as two 

years of age. The molars were classified as Oto 3 at two years of age, 1 to 

4 at four years and 1 to 5 at six years. For cattle at the dose of 49 pp~. 

the incisors were scored as 3 to 4 beginning a~ two years. In these same 

animals, the molars were scored as Oto 1 at two years, 1 to 2 at four years, 

and 1 to 3 at six years. In cattle administered 27 pp~ fluoride, the incisors 

were scor~d as Oto 2 through six years of age and the molars were scorec as G 

to 1 through six years. Incisors and colars of cattle administered the nonial 

ration (12 ppm· fluoride) were scored Oto 1 thr9ughout the six years. 

Richards et al. (1967) indicate that objectionable dental fluorosi~ 

(moderate and severe according to the classification scheme by Dean 1942) 1~ 

humans appears with the !J~Lo~ing co~binations cf waterborne fluoride 

concentrations and oea- an~u~l temperatures: 

• 1.4 t9 1.6 ppm fluoride at 65°F or less. 

• 1.1 to l.3 ppc fluoride at ·65°F to 79°F. 

• 0.8 to 1.0 pp~ fluoride at 80°F or higher. 
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These vnluei; are &1D11lar tc, thofil' reported by Galagan anti Lamson (1953) 

as shown in 'FiJtur, VJ-1 (see Section VI). In the classic£1) Rcheme for rating 

fluorosis, teeth diaJno&ed a~ nonnal exhibit no clinically observable evidence 

of exposure to fluoride. Richards et al. (1967) su~~P~t that such t,eth 

should be classified as fluoride deficient rather than nonnal. T~eir dsta 

·indicate that as the percentage of children showin~ ~linical evidence of ~ild 

fluorosis approaches four to six percent, some objectionable (moderate) 

fluorosis begins to appear. 

Because the relationship between fluoride cor.centration~ in drink!r.F 

water and comcunity fluorosi~ indices was established many years ago, a de~and 

has arisen for evidence confirming or re-~stablishing the fluoride/fluorosis 

relationships. Segreto et al. (1984' investigated the possibility that 

si~r.ificant changes in cultural and dietary patterns may have altered fluoride 

intake patterns fro~_those developed 20 to 40 years-ago. They selected 16 

Texas communities and su~eyed children (7 to 18 years old) for enamel 

mottling using Dean's (1942) classification systec. The fluoride levels in 

the drinking water were expressed by L~e authors in ten:is of the relationship 

to optioal for prevention c,f dental caries. Personal communication 'with one 

of the· authors (Dr. Ed1o.·in M. Collins), ho'Jever, indicated that th:- actual 

fluo· ide levels ranged from 0.2 m~!L to 3.2 mg/L. The co~bined inciden~~ of 

moderate and severe dental fluorosis observed ranged from mini~al at 0.2 Dg 

f/L to 31.6 percent at 3.2 mg F/L. The authors, ho,..ever, reported only one 

case of severe fluorosis (at 3.2 mg f/L). The observe~ variation in the 

fluorosis incidence at different fluoride drinking water levels could be due 
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to difftrence~ in the lifestyle~ of the different communities, variation in 

the susceptihil1tie~ of the children examined or other factors. 

Driscoll et al. (19R3) reported the results of a cros~-sect±onal survev 

of the prevalence cf dental fluorosis and dental caries among 807 school 

children (8 to 16. years old) in seven Illinois cotn!l'.unities. Fluoride 

cc~centrations in the community drinking ~ater ranged from 1.06 to l.07 mg 

F/t. The results of this study indicate a dose-respo~se increase in the 

incidence of moderate and severe dental fluo~osis with increased fluoride 

level in the drinking water. The incidence of muderate and severe dental 

fluorosis ranged from 2.4 percent (of 336 children evaluated) at 1.06 mg F/L 

to 30.2 percent (of 136 children evaluated) at approximately 3.8G mg F/t. 

Concurrent with this increase in dental fluor~sis, the authors observec a 

significant (P<0.05) decrease in dental caries (as m~asured by reduction of 

oean DMF surface score) in children of all fluoride levels above 1.06 mg F/L. 

Unlike the dental fluorosis results, the dental caries reductio~ did not 

exhibit a cose-response relationship above the level of 2.08 mg F/t in the 

drinking waler. There vas no statistically significant (P<0.05) difference i~ 

the reduction of dental caries among children exposed to an averige 2.08 mg 

F/L through 3.8l mg F/L. 

A sut::I!:ary of the incidence uf moderate .cind sPvere dental fh:oros!s fror 

six studies spanning more than 40 years (1937 to 19€') is provided in 

Table \'III-1. The data assembled in this table are froi:: six different 

sources, each with technically sound but varied ?r~cedures, analytical methods 
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Table \'Ill-1 Summary of Hodn11te and Se\'ere Dental 
Fluorosi~ in Children 

Fluc,ride 
drinking water Number of Dent.al 
concentration children fluc,rosii:: 1ncidence,!t 

(mg/L) e\'aluated Moderate Severe 

0.2 103 0.0 0.0 
0.3 126 0.0 0.0 
o. 4 223 0.0 0.0 
0. 4 82 0.0 0.0 
0.4 263 0.0 0.0 
0.5 113 0.0 0.0 
0.5 403 0.0 0.0 
0.6 61/. 0.0 0.0 
0.7 316 2.0 0.0 
0.8 95 2.0 1.0 
0.8 361 O.l 0.0 
0.9 123 0.0 0.0 
1.0 50 0.0 0.0 
1.1 336 1. 8 0.6 
l. 1 211 0.9 0.0 
1. 1 187 1.1 0.0 
1. 1 128 0.0 0.0 
1. 2 70 13.0 3.0 
1. 2 633 0.0 0.0 
1.2 152 0.0 0.0 
1. 2 ·1 71 0.0 0.0 
1. 3 447 0.0 0.0 
1. s 110 0.9 0.0 
1.6 301 3.3 0.0 
1.8 57 3.5 0.0 
1.8 170 1. 2 0.0 
1. 9 273 1. 1 0.0 
1.9 170 13.5 0.0 

Reference 

6 
6 
6 
4 
4 
L. 

L. 
4 
4 
4 

6 
L 
4 

3 
6 
6 
6 
4 
4 
4 
4 
4 
2 
6 
2 
1 
1 
6 

'-C,:tinued-

8 References: 
1 • Dean (1942) a~ summarized by Albertini et al. (1982). 
2·-. Dean and Elvove (1937) ,as summarized by Albert in:!. et al. Cl 98::!). 
3 • Driscoll et al. (1983). 
4 • Galagan and La~son (1953) as sutn:!larized by Albertini et al. (1S8:). 
5 • Lewis and Faine as summarized by Albertini et al. (198::!), 
6 • Segreto et al. ·(19E4). 
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!ah1e VITl-J - ·continued 

Fluoride 
drinlr:tng ,..ate!' Number o: Dentl'l 
conc-en:ration children flucirosis incidence,: 

(m~/L) evaluated Moderate ~evere Reference 8 

1. 9 23 13.0 0.0 6 
2.0 109 14. 7 0.0 6 
:! • 0 ·200 4.0 0.0 E, 

2. 1 l l. 3 8.4 4.9 3 
2.2 179 13.4 0.0 2 
2.2 138 11. 0 0.7 ' ~ 
2.3 90 6.7 0.0 6 
2.3 67 32.8 o.o 6 
2.4 113 4.4 0.0 6 
2.5 148 14.2 3.4 2 
2.6 404 8.9 l. 5 1 
2.9 192 7~8 8.3 3 
2.9 97 23.7 3. 1 2 
3.2 190 31.1 0.5 6 
3. 8· 21 9.0 0.0 5 
3.9 136 7.4 22.8 3 
3.9 289 33.9 13.2 2 
l.. 0 39. 38.0 .6. 0 5 
4.0 101 40.0 2.0 5 
4.0 59 23.7 11. 9 2 
I. ., .... 39 33.0 3.0 5 
4.4 189 -46.0 17.9 2 

". 8 36 6.0 0.0 5 
5.7 38 so.o 39.5 2 
7.6 65 10.8 58.5 1 
8.0 21 47.6 l.2. 9 2 

14. 1 26 38.5 53.8 1 
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and sample size~. TherPfore, no effort has bPen made to mer~e the~e findings 

i~to a sinFle dose-resr~nse distribution or to pPrfonr. any statistical 

analysi~ of the a~sembled data. The tahlr i~ provided to supply a 

consolidated sa~pl1np of the h1storical data on dentAl fluoro~is incidence and 

to conveniently reflect the generAl dose-~esponse relationship of increased 

dental fluorosis with increased dose. It should be noted, hovever, that the 

incidence of objectionable dental fluorosis (moderate and ~evere) does not 

ge~erally impact a significant percentage of the population until the dr~nkin~ 

water concentration approaches 2.0 mg F/L. 

At the request of the EPA, the V.S. Surgeo~ General examined the 

relationship of fluoride in drinking water and the aspects of dental 

fluorosis. The results of that evaluation (Koop 1982, Albertini et al. 1982) 

led to the general conclusion that, while not considere~ a~ adverse health 

effect, the undesirable cos~etic effects to teeth could be minimized by 

limitinJ the fluoride concentration to twice the optimu~ for the reduction of 

dental caries. The Surgeon Genera! encouraged com::unities to limit water to 

twice optimu~ (about 2 ~g F/L) to provide this protection for children up to 

age nine, but emphasized that there is no sound evidence to indicate that 

adverse effects on general or dental health (denta! fluorosis was not judFed 

to br an adverse e!fect) are associated with concentrations of flu~ride ·hat 

are natura:ly found in C.S. public water suppl~es. The Surgeon Genera! 

repeated his earlier opinion on limitin~ fluoride concen:rations to t~ice the 

opti~um (about 2 ~s F/L) in his response to a subsequent EPA req~est to 
~ ~-~ 

evaluate th; nondental effects of fl~oride (Shapiro 1983, Koep 1984). 
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The EPA, with the assistance of the National Institute of Mer.tal Health 

CSIMH), convened an ad hoc Re\'ie\.' Panel of behavioral 11cient1sts to 

ir-vest1gate the potential psychological and/or behaviora~ effects a~~ociated 

with derital fluorosis. This ad hoc Revie~ Panel reviewe~ back~round 

information and conducted a meeting on October 31, 198L in Bethesda, MD to 

discuss this issue and deten:iine if -consensus opinions could be formulated·. 

The conclusions and recommendations of the Review Panel's deliberations were 

suim::;arized in a November li. 1984 report (Kleck 1984) and are repeated belo~: 

''It is concluded that individuals who h~ve suffered impaired dental 
appearance as the result of moderate to severe (dental) fluorosis are 
probably at increase~ risk for psychological an~ behavioral problems or 
difficulties. Since this conclusion is based on extrapolations from 
research on the effects of physical appearance characteristics other than 
dental fluorosis, it is suggested that investigations be supported to 
direc!ly·assess the social, emotional, and behavioral effects of 
fluoride-induced coscetic defects. Finally, the Panel recommends 
research be done on the further development of techniques for the 
amelioration or re~oval of the unaesthetic appearance effects associated 
with some levels of dental f'luorosis. 11 

Skeletal changes in bones of cattle ingesting 12 (normal), 27, 49 or 

93 pp~ fluoride on a total dry matter basis have been described by Shupe et 

al. (1963). Fluoride cor.centrations in dry. fac-free rib biopsy sa~ples 

increased with increasing tice of exposure for all dose groups. After 7.3 

years (2,663 days) th~ fluoride concentration was approximately 900 pp~ in 

animals on the normal d!et. At this sac~ ti~e, the ric fluo.ice 

co~:entrations ~ete apprcxi:ately 2,500, 5,~nv and 8,200 fer the cattle 

receh·ing :27, 49 and 93 pp!:' fluoride in the ratio~, respecti·:ely. The rate of , 
intrease with. ti~e was great~st in those· cattle adoinistere~ 93 ppc fluoride. 
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-TI,e fir~t clinically discernible bone lesions appP.Rred on the ~edial surface 

of the proximal third of the metatarsal bonu and were ·bilateral. These 

e!fectF were observed after l.~ to two yearF in ccttle r.n the 93 ppm fluoride 

ration and after 3.5 to four years in cattle on the 49 ppm fluoride ration. 

As the degree of osteofluorosis increased, palpable hypero5t~5es appeared in 

the ra~i of the mandibular bones, and the 7th through 12th ribs became wider 

and thicker. The de~rees ~f periosteal hyperostosis were classified a~ 0 • 

nonnal, 1 c questionable, 2 • slight, 3 • moderate, 4 • marked and 5 • 

excessive. Cattle on the normal diet were scored as normal through six years 

of a~e. Those cattle on 27 ppm ration were scored Oto l through six years; 

those on 49 ppm ration were scored Oto 2 at two years, 0 to 3 at four years, 

and Oto 4 at six years; and tho~e on 93 ppm ration were.scored Oto 3, 0 to 4 

and O to-5 at tw~, four and six years, respectively. Radiographs taken at age 

7.5 years (approximately seven years on fluoride) showec increased coarsening 

and thickening of the trabecular pattern with a ground glass appearance for 

cattle on the rations containing 49 and 93 ppm fluoride. Periosteal hyper­

ostosis, subperiosteal increased density in some cases, endosteal and cortical 

porosity and mineralized spurs at poir.ts of attachment of tendons to leg bones 

were also observed at these dose levels. 

Leone et al. (1955) described rot 1tgenographically detectable changes 

observed in 10 to 15 percent of persons residing an average of 37 years in 

Bartlett, Texas where the water supply contained 8 ~g r/L. Observations 

included increased bone density with or without coarsened trabeculation, with 

a "ground' glass" appearance; coar"'sened trabeculation, showing lines of stress, 

without increased bone density; and increased thickening of cortical bone and 
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periosteum with equivocal narrowing of bone marro~ spaces. Bo~e biopsy 

aamplef tor the detennination of fluoride c~ncentrations were not taken. 

Stevenson and ~atson (1957) reported an increase in bone density and A 

definite but sli~ht "ground ~lass'' appearance in spinal and pelvic roent~eno­

grams of 23 subjects who were long-term residents of high fluoride areas in 

Texas, Oklahoma.and Kansas. For 15 of these individuals, the drinking water 

contained 4 to 8 mg F /L. ThP. fluori.de content of the drinking water was. u~known 

for the ~emaining e11ht subjects. Calcification of the sacrospinus and sacro­

tuberous ligaQents was also evident 1r. 15 of the 23 subjects. Although a 

total of 170,000 X-ray films were examinea, the authors vere unable to develop 

a meaningful incidence rate because informatior. was lacking as to the total 

number of films examined for persons exposed t~ specific levels of fluoride. 

Rodges et al. (1941) examined roentgenograms of the pelvis ar.d lumbar 

spine of 86 persons (7.5 to 71 years·ald) who had used water supplies 

containing approximately 1.2 to 3 mg F/L for up· to 61 years. The~ found no 

occurrence of generalized sclerosis. A second population (ranging in age from 

18 to 78 years) which had used a water supply containing.approximately 2.5 mg 

F/L for 18 to 68 years was similarly evaluated. Again, no instance of 

generalized skeletal ~luorosis was observed. 

Wenzel et al. (1982b) obse~ved a significar.t relationship of dental 

fluorosis and reduced skeletal maturity in 11- to 15-year-old Tanzaniar. girls 

whos~ dri~kir.g water contained ~nly 3.6 mg/L of fluoride. The ·acthors 

suggested that increased fluoride exposure slows skeletal maturation. Due to 
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the warm climate Ji.e., increa~ed exp~~ure and total dose). dietary and other 

factor,:, the relevance of these result,; to the U.S. population 1!: not vell 

ei;tablished. 

There is limited evidence to pel"tllit an estimate of the waterborne 

fluoride concentration associated vith the appearance of fluoride 

osteosclero·s1s. For example, Hodge and Smith (1970) quote evidence that 1n 

the aluminum industry. avera,e urinary excretions of S r.g F/L in randomly 

collected samples are not associated with osteosclerosis. Dinman et al. 

(1976) indicated that aluminum worke:-s vhose average pre-shift urinary 

fluoride concentration is less tha~ 4 mg F/L do not sho~ radio~raphically 

demonstrable increases in bone density, altered trabecular patterns or 

ligamentous calcification. According to Figure III-3 (see Section III for 

greater detail), urinary fluoride concentration is esser.tially equal to the 

concentration of fluoride in the drinking water ingested at steacy-state 

e,:posure conditions. Thus, the absence of clinically or radiographically 

demonstrated osteosclerosis in the studies cited by Hodse and Smith (1970) and 

by Dinman et al. (1976) could be estimated to be associated vith exposures to 

drinking water containing approximately 5 and 4 mg F/L, respectively. Smith 

an~ Hodge (1959) have suggested that, in the human, osteosclerosis probably 

\o"ill .1ot be seen \.·1th skeletal fl,.c,ride concentrations of 4000 ppa: (dry 

fat-free basis). They also state tha! effects will be observed in a small 

proportion of individuals with-skeletal fluoride concentrations of 

approximately 6,000 ppm. These skeletal concentrations correspond tc, fluoride 

concentrations in the water of 4 and 6 mg F/L, respectively (Smith and Rodge 

1959, Hodge and Smith 1981). 
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At the request nf thr V.S. Environmental Protection Agrnc~ (EPA), the 

C.S. Public Health Service (PHS) conducted an evaluation of the nondental 

health effects of fluoride. At the direction of the Surgeon General an a~ hoc 

com:nittee was assembled to review the available jitrrature. The cor::reittee mrt 

on April 18-19, 1983 in Bethesda, MD and sum.~arized their findin~s in a report 

to the Surgeon General (Shapiro 1983). That report was formally transmitted 

to the EPA with a letter from the Surgeon General on January 23, 19e4. 

The committee listed the nondental health effects of fluoride as: (1) 

death (acute poisor.ing); (2) gastrointestinal hemorrhage; (3) gastrointestinal 

irritation;. (4) arthralgias; and (5) crtppling fluorosis. Gastrointest!nal 

effects are not known to occur at fluoride concentrations in drinking water. 

In adults, mild osteosclerosis, as opposed to crippling fluorosis, is not 

considered an adverse effect. 

Based on their review of the available literature the Surgeon General's 

ud hoc committee made the following conclusions (Shapiro 1983}: 

1. It is inadvisable for the fluoride content of drinking water to be 

greater than twice the current optimal leve~ (1.4 to 2,4 mg/L) for 

children up to age 9 in order to avoid the ~,cosmetic effrcts of 

der.tal fluorosis. This conclusion coincides with the recommenda­

tions of the Surgeon General relative to the dental effects of 

naturally occurring fluori~es. 
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2. The fluoride content of drin~in~ water sh~uld not be rreater than 

four times the optimal level for any community water supply. Thfi:;. 

conclusion reco~nize~ that, fluoride intake fror. water between S.O 

and 8.0 mg/L (4 times to 10 times optimum) has been associated, in a 

very small number of subject~, with the radiologic appearance of 

early osteosclerosis, which while not an adverse health effect, is 

however, an indicator of demonstrable osseous changes not to be 

anticipated at lover levels (less than four times optimum) of fluoride. 

3. The difference between 4 times and 10 times optimum represents an 

adequate margin-of-safety unles~ further research warrants 

reconsideration of these levels. There exists no directly 

applicable scientific documentation of adverse medical effects at 

levels of fluoride belo. 8 mg/L (ppm). Therefore, it can be 

concluded that four times optimum in ~.S. drinking water supplies is 

a level that would provid'! "no known or anticipated adverse effect 

with a margin-of-safety." 

4. The effects of various levels of fluoride intake on rapidly 

developin~ bone in young children are not well understood. Also, 

the modifying effects of to_al intake, length of exposure, other 

nutritional factors and debi~itating illnes~ are not well 

understood. Therefore, the co'll!IDittee strongly recommends that the 

PHS and the ~PA join to enlarge the body of information relative to 

'skeletal maturation and'growth in children ingesting more than the 

recommended daily intake of fluoride. 
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B. Quantif1c~t1on of Son-Carcino!Pnic Effect~ 

As state~ e~rlier, the extensive amount of health effectF information on 

humans and the need to establish a balancP between adverse and beneficial 

effects prevents use of the typical risk assessment approach to derive 

appropriate drinking water concentration values for fluoride. Thus, the 

approach selected must rely largely upon an interpolation and direct 

application of the available human data on adverse and benefic"ial effects. 

1, One-Day and Ten-Day Health Advisory 

Tilere is an. absence of appropriate short-term animal or human 

exp·erimental or clinical studies on the effects of fluoride following oral 

ingestion frort which one-day or ten-day Health Advisory (HA) valu.es can be 

calculated. The National Academy of Sciences Safe Drinking Water Committee 

has reviewed the available literature on fluoride, but did not ·recommend a 
' 

suggested-no-adverse-response-level (SNARL) for fluoride (NAS 1977). 

2. Adjusted Acceptable Daily Intake 

Dental Fluorosi~. As stated earlier, the av;.ilable date on the incide~ce 

of dental fluc-rosis in humans (especially children·) is extensive. As 

sum::narized in Table VIII-1, the incidence of objectionable (moderate and 

severe) dental fluorosis is not consistently observed in a marked se~ent of 

the population until the drinking water concentration approaches 2.0 mg F/L. 

This observation is consistent with the Surgeon Genenl's recommendation 
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(Y.oop 1982, Albertini et al. 1982) that communitie~ limit drinking wRtPr to 

twice optimum (about 2 mF F/L) to minimize the undesirable cosmetic effects of 

dental fluoros1s in children. 

The Surgeon General's opinion on protecting children from dental 

fluorosis ~as clearly presented in the c~ntext of ensuring adequate fluoride 

exposure to pro~!~e reduced dental caries experience. It should be noted that 

in the survey by Driscoll et al. (1983), the maximum statistically significant 

reduction of d~ntal caries was achieved at a drinking water concentration of 

2.08 mg F/L. At 2,84 and 3.84 mg F/L, no statistically si~~ificant 

improvement in dental caries reduction was obtained although the incidence of 

moderate and severe dental fluorosis .increased. 

Skeletal Fluorosis. No single human experimental or clinical study 

provides an adequate basis for develop~ug a~ AADl for skeletal effects. It 

should be clearly stated that skeletal fluorosis increases in severity -with 

both dose and dura.tion of exposure to fluoride. !nits mildest fonn, it is 

characterized by an increase in bone density (osteosclerosis) that is 
• 

detectable only through X-ray examination. The most seve~~ form (crippling 

skeletal fluorosis) is characterized by irregular bone deposits. At the 

re~· est of the F.PA, the U.S. Sur~eon General examined the nondental health 

aspects associated with fluoride in drinking water. An ad hoc advisory 

comcittee met in April, 1983 in Bethesda, MD and provided their report 

(Shapiro 1983) and a later formal response from the Surgeon General (Kcop . ' 

1984) to EPA. The Surgeon General concluded that he did not consider changes 

in bone density to be an adverse health effect and that adverse effects 
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(arthra!.gias) an not likely to occur at human dose levels· below 20 mg F /day 

(.10 mg F/l. for an adult consuming 2 L water/day). The ad hoc: committee 

concluded that four times the optimal fluoride concentration (approximately 

4 mg F/L) in drinking ~ate~ shou!d provide an adequate margin of safety for 

preventing adverse healt-h effects which were not documente·d to o~cur in the 

C.S .. population below 8 mg F/L. 

Singh and Jolly ~uthored a review of the skeletal effects of the fluoride 

(~'HO 1970). Their conclusion state·d: 

"It is, therefore, possible to conclude that the histopathological 

changes of endemic fluorosis occur only at higher levels of intake than 

1-4 ppm." 

In a more recent survey of fluoride by WHO (1984), it was stated that 

11 
••• at 3.0 to 6.0 ng/L skeletal fluorosis may be observed; when 10 mg/L ~s 

exceeded, crippling fluorosis could ensue." It should be noted that both WHO 

summaries consider the effects of fluoride on worldwide populations. Thus, 

their conclusion~ may not be directly applicable to the U.S. situation. 

Both the Surgeon General's and WHO' s evaluations of the availabl"e health, 

effects data on skeletal fluorosis appear to be generally consistent with the 

primary published literature. The investigations with human subjects by Leone 

et al. (1955). Stevenson and Watson (1957), ~odges et al. (1941), Hodge and 

Smith (1970) and Dinman et al. (1976) ·prQvide evidence that the no-observed­

adverse-effect-level (NOAEL) for the initial S)"Dlptoms of skeletal fluorosis 
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(increased bone density) is within the range from 3 to 8 mg/L of fluoride in 

drinking water. The data compiled by Smith and ~~ge (1959) an~ Hodge and 

Smith (1981) indicate that radiologically detectn~le osteofluorosis is not 

observed in bones contai~ing approximately 5,000 ppm or less of fluoride on a 

dry, fat-fre• basis. This skeletal fluoride concentration is associated with 

a drinking water eoncentration of approxima~ely 5 mg F/L (Hodge and Smith 

1981). Although never observed in the U~S., the apparent NOAEL for crippling 

skeletal fluorosis is approximately 10 mg F/L (Shapiro 1983, Koop 1984, WHO 

1984). Therefore, it is believed that a drinking water concentration of 4.0 mg 

F/L will provide protectfon from crippling skeletal fluorosis with an adequate 

margin of safety. Again, this is consistent with the Surgeon General's recom­

mendation to limit drinking water fluoride levels to four times optimum (about 

4 mg F/L) to provide protection from crippling skeletal fluorosis (Koop 1984, 

Shapiro 1983). 

c. Carcinogenic Effects 

No valid studies on the carcinogenic potential of fluoride in animals 

were located in the liierature. However, the National Cancer Institute initi­

ated studies during August 1979 to determine the carcinogenic and or toxico­

logical potential of sodi~m fluoride (N~F) in rats and mice. The National 

Toxicology Program (NTP) took over the responsibility for oversight of the 

studies in ~ovember 1982. The studies consisted.cf three parts: (1) a one­

month subchronic study; (2) a six-month subchronic study with dosages based on 

the previous experiment; and (3) a,two-year chron!c stud.y based on data from 

the six-month subchronic experiment (maximum doses of Naf which were not 
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expected to affect the longevity of ~ice and rats were used). The chronic 

study began in .December, 1981 and terminated in December, 1983. 'llnfortun­

ately, problems developed seven months into the chronic study. The problems 

were not treatment related (some rats in both the ~reatmeni and control group~ 

ohlhlted tn1dc:ollh nnd arulu luSon11) hut mA)' hnv, lJ111111 r1datP1I tn thP ,IIPI 

~hich ~as low in se~eral trace eleMents and ~itamins. The valicity oi the 

study was questioned and a new chronic study was scheduled. The Technical 

Report from the new study should be issued in 1988. 

Yiamouyiannis and Burk (1977) presented an analysis of mortality data 

which they claiced showed an increase in the cancer mo~tality rate amo~1 resi­

dents of fluoridated areas. Later analyses (Strassburg and Greenland 1979, 

Oldham and Newell 1977) have shown that Yiamouyiannis and Burk had failed to 

consider the age-race:sex structure of the studied populations. Inclusion of 

these factors in consideration of the data invalidated the conclusion that 

fluoridation was responsible fpr an increase in the cancer mortality rate. 

Other studies by Hoover et al.' (1976) and the Environmental Health Directorate 

of Canada (1977) found no correlation between fluoridation of water and the 

cancer mortality rate. Further, the ·International Asiency for Research on 

Cancer (IARC) has performed an assessment of the degree-of evidence for the 

carcinogenic_ity of fluoride in humans and in experi111ental animals (WHO 1982). 

This assessment concluded that no evidence could be found in the literature to 

indicate that fluor'ide is carcinogenic • 

. VIII-24 



D. Existing Guidelines and Standards 

Protec~ion for the industrial worker against excessive expostire to air­

borne fluoride is achieved by occupational·standards set by OSHA and based on 

the American Conference of Government Industrial Hygienists Threshold Limit 

. 3 
Value ~TLV) for airborne fluoride of 2.5 mg/m . This is a concentration which 

should not cause an advers~ health effect in a person so exposed for eight 

hours/day. five days/week (NAS 1971). The Pennsylvania Short-Tenn Limit for 

e~posure to airborne fluoride is 10 mg/m3 for 30 minutes. This concentration 

is permissible as long as the TLV is observed on .a time-weighted basis (~AS 

1971). 

Under the r~quirements of the Nationdl Interim Primary Drinking Water 

Regulations of 1975 (USEPA 1976), EPA set the standarc.s (MCL) for fluoride 

shown in Table VIII-2. These levels are twice the con~entrations defined as 

optimal for the control of dental caries. The EPA (USEPA 1979) defined "un­

reasonable risk to health" as a fluoride concentration producing moderate to 

severe fluorosis, or specifically, a Collll!lunity Fluorosis Index exceeding 1.5. 

In theory. the Index of 1~5 would correspond to fluoride concentrations exceed­

ing the established MCL for fluoride (twice the optimum for each temperature 

zone). 

The Food and Nutrition Board of the National Resear~h Council has esti­

mated adequate and safe total intakes of fluoride as shown in Table VIII-3. 

These levels are considered to be protective against dental caries and possibly 

against.osteoporosis (NAS 1980). 
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Table \'Ill-2 Ha,,:imum Contaminant· ·velF- 8 
· 

Temrerature Concentration 
Degrees De~reee: 

Fat,renhei t Celsius Milligram~ per l :lter (ppm) 

53.7 and below 1:?. 0 and below 2.4 

53.8 to 58.3 12 ~ 1 to 1'. 6 2.:? 

58.l.. to 63.8 14;7 to 17.6 2. (l 

63.9 to 70.6 17.7 to 21.4 1.8 

70.7 to 79.2 21.5 to 26.2 1.6 

i9.3 to 90.5 26.3 to 32.5 1.4 

8 Highest permissib:e concentration of a contaminant in the water delivered 
to the consumer's tap. 

Adapted from USEPA (1976). 
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Table VJJI-3 Food and ~utr1t1on Board EFtjmated Adequate and 
Safe Intakes of Fluoride 

Age Estir:iated Recommended intak~ Estimated 
group weight (kg) of fluoride Cn,g/day) equjvalences(mg/kg/day) 

<6 months 6 0.1-0.5 0.02-0.08 

6-12 months 9 0.2-1.0 0.0:-0.11 

1-3 years 13 0.5-1.0 O.Ot.-0.08 

4-6 years 20 1.0-2.5 0.05-0.13 

-; y~ars- 30a 1.5-2.5 0.05-0.08 
adulthood 

Adults 70 1. 5-4. 0 0.02-0.06 

a tstiaated weight for children seven to ten years old. 

Adapted from NAS ( 1980) • 
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The Association for the Advancement of Medical Instrumentation has sug­

~e~ted a maY.imum concentrati~n of 0.2 mg F/L for water being used in dialysis. 

The specific health effects basis for selection of this value, however, is not 

stated (Association for the Advancement of Medical Instru~entation 1981), 

The Canadian Public Health Association (1979) reco~ended that 1,2 mg F/L 

be established as the optimuit. concentration in that country's drinking ,..ater. 

The World Health Organization (\.'HO 1970), after an extensive reviewof 

the health effects of fluoride, concluded that: "~'hen nutrition is adequate, 

enrichtilent of water so that it ccnt~ins 1,0 to 1.2 ppm is advisable in t~oper­

ate zones. In warmer regions, the content should be smaller." The derivation 

of these suggested levels for. fluoride is not specifically explained. The 

suggestion is made after an extensive review of.the literature o~ the 

relationship of fluoride levels to dental caries experience and to dental 

fluorosis. In the preface to th~s publication (WHO 1970) it is stated that 

"The objective of this monograph is to provide an impartial review of the 

scien~ific literature ••• It is not intended to be a practical guide to th~ use 

of fluoride as a health measure •••• " 

More recently the World Health Organization (\w"HO 1984) stated that, "at 

(drinking water) levels above 1.5 mg/L, mottling of teeth has been reported 

very occasionally, and at 3.0 to G.O mg/L skeletal fluorosis may be 

observed .... " This revie,. is ba.sed largely upon information in the 1970 WHO 

Monograph (WHO 1970) and further states that no new evidence has been obtained 

to justify modification of the current 1.5 mg/L guideline value for fluoride 
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1~ dr1nk1n~ water. The rerort caution~ that "lorAl climatic condition~ a~d 

increased water inta~e should he considered ,.-hen applying thi~ rec~mmended 

guideline value." The ~'HO reference to occasional skel~tal fluorosis with the 

consuMption of drinking water in the ran~e of 3.0 to 6.n m~ F/L i~ an estimate 

of the lower limit for this effect under a variety of environmental and 

nutritional conditions that are not necessarily reflective of the U.S. 

situation. 

The NAS (1_97i) has discussed fluoride in their docu1:1ent on drinking ,..eter 

and health. This work includes several coCJC1ents pertinent to the estimation 

of an MCL for fluoride: 

On the basis of studies done ·over 15 years ago. oc.:asional obj ec­
tionable mottling vouJd be expected to occur in communities in the 
hotter regions o! the United States with water that contains 
fluoride at l ppm or higher and in any community vi.th water that 
contains fluoride· at 2 ppm or higher. However. this may not be 
the case today; more liberal provisional limits seeo appropriate 
wh~le studies are conducted to clarify the subject • 

••• it was estimated that objectionable fluorosis occurs in the 
range of 0.8-1.6 mg/liter fluoride, depending on the temperature. 
No recent U.S. surveys or studies of communities have been found 
on which a sound decision could be made that greater concentra­
tions are without objectionable effect • 

••• there is no generally accepted evidence that anyone has been 
harmed by drinking water with fluoride concentrations considered 
optimal for the annual mean temperature i~ the temperate zones. 

In Gabovich and Ovrutsky (1969), e translate~ Russian review document. it 

is stated that '~All Union State Standard 2784-54'' (USSR) has set by law the 

fluorine concentration of 1.5 mg/Las the maximu~ pen:issible amount in tap 

water. After discussing the effect of ambient tecperature on flu~rosis. they 

say that .(p. 612), "In year-round fluoridation of the ,..ater vi.th a single dose 
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of fluorine, the Commis~ion on Hygiene of the Wat•r Supply and SanStRry 

Protection of Bodie~ of Water at the Ministry of Health of the USSR reconur.end~ 

l mg/l for regions with cold and tempP.rate climates, foT warm climate~ 

0.9 m~/L, and 0.7 to 0.8 mg/L for hot climate~." Gabovich Cl9S2, cited in 

Gabovich and Ovrutsky 1969) ~ade the following collU'lent5 conterning various 

concentrations of fluoride in drinkin~ water: 

• Up to 0:3 m~/L is a very low concentration. At this concentration the 

incidence of caries is high and defects in the mineralization of bones 

are most frequen~ly observed. 

• ~ater with 0.7 to 1.0 mg/L has an optimum concentration. Damage by 

caries is minimal, signs of dental fluorosis are also minimal. 

• Fluori~e concentration is high at 1.0 to 1.5 ~g/L, but acceptable ~1th 

permission of the health authorities. Caries control is good and there 

are signs of mild fluorosis. This level is acceptable in the absence of 

data indicating ar. unfavora~le influence on the health of the population. 

• Concentrations of 1.5 to 2.0 mg/Lare higher than the permissible level. 

Caries control is good, but fluorosis is objectionable. 

• Two to six mg/l is a high concentration. Caries control is not optimal 

and fluorosis is objectionable with 10% to 30t ha~ing severe fluorosis. 
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• S1x to fifteen m~/L is a vPry high concentration. [orie~ control 1~ nnt 

optinn) and up to JOO~ of the population are offl1rted with fluoro~i~. 

with the predomina~re of the severP forms. 

Gabov1ch and Ovrutsky (1969) statP that the Indiar. Ftandard for fluor1d~ 

in water is J m~/L (permissible) with~ mg/L not pernissible. 

E. Special Con~iderations 

1. High-Risk Populations 

Relatively small sEgments of the general population may be at increased 

risk from waterborne fluoride. For example, polydipsia and polyuria 

associated with diabetes insipidus and some forms of renal impairment may 

result in an excessive intake of drinking water and waterborne fluoride. 

Skeletal !luorosis in patients with impaired renal function has bee~ described 

by Juncos and Donadio (1972). Patients with impaired renal function have been 

shown to have a lesser renal clearance of fluoride than ,ave normal subjects 

(Schiffl and·Binswanger 1980). 

2. Beneficiaj Effects 

a. Teeth 

The principal beneficial effect attributed to fluoride is its role in 
. 

prevention of dental caries. A detailed re~ie~ of the literature in this area 
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will not hr attempted h,re becauFr it ha~ been ad,quatel~ addressed el~ewh,re 

in this document. Studies have been rPviewed that describe thP continuum from 

heneficial effects to dental fluor~si~ with increased exposure to fluoride. A 

summary of the daily fluoride intake levels considered to be protecti~n 

against both dental caries and possibly osteoporosis is provided in 

Table VIII-3. 

Fluoride.is also bel~eved· to improve the esthettc appearance of teeth. 

A. L. Russell recorded the o~currence of devel~pmental enamel hypoplasias (not 

related to fluoride in drinking water) in children 7 to 1, years old (Ast et 

el. 1956). In Kingston, where the drinking water contained 0.05 mg F/L, 115 

(18.7 percent) of the 612 children examined showed these nonfluoride 

opacities. Only 36 (8.2 percent) of 438 children using the fluoridated 

Newburgh water (1.0 to 1.2 mg F/L) showed these changes. Ast et al. (1956) 

suggested that this fluoride drinking water concentration (1.0 to 1.2 mg F/L) 

appeared to reduce the incidence of hypoplastic spots on the teeth. 

b. Bone 

Jowsey -~t al. (1972) described the effects in 11 patients with 

progress:ve osteoporosis who ~er~ administered ~o. ,5, 60 or 90 mg of NaF 

daily. The patients, ten of ~hom were female, ranged from 54 to 72 years of 

age. All sub~ects received vitamin D twice weekly and a daily supplement of· 

calciu~. Treatment was continue~ for 12 to 17 months. The results indicated 

that acministratior. of less than 45 mg of NaF daily d:d not consistently 
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increa~e bone fo"r1:1Ation, hut that 60 mg or more re~ulted in the produrtion of 

abnormal bone .. Side effect~ wPre evident 1n st least one patient receiving Jn 

mg SaF. Mild arthralgia and stiffne~s of the joints were reported hy four 

patients and occasional epigastric dyspepsia was experienced by six ratients. 

DaiJy a~dition of vitamin D and more than 600 mg Ca appeared to prevent 

increased bone resorption and even to decrease resorption. The author~ 

concluded that doses of 50 mg of NaF daily. supplemented with 600 mg or more 

of calcium daily and 50,000 units of vitamin D twice weekly should increase 

skeletal mass wichout undesirable skeletal effects. Also, further vertebral 

fractures should cease after several years of treatment. 

Dambacher et al. (1978) t:eated 33 post-menopausal women with 100 mg ~af 

daily for two years and another 23 similar patientr with 50 mg NaF daily for 

two years. A decrea~e of cortical bone was evident at both dose levels. 

However. cancellous bone·was increased to some extent in half of those 

receiving the lower dose, and in over 70 percent of those receiving the higher 

dose. The findings also suggested that two years of treat~ent at the lower 

dose or one year at the higher dose avoided ne~ vertebrai fractures. 

Gastrointestinal discomfort sometimes combined vith nausea was encountered 

chiefly at the higher dose, but was of minor clinical importance. 

Qsteoarticular pain was the major side effect of fluoride therapy and was seen 

in about 60 percent of the patients at both dose levels. The ~axiQum effect 

was seen after 6 to 12 months of treatment and then gradually disappeared. In 

18 percent of the patients treatment had to be discontinued. 
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R1,2~ et al. CJ982) studied five ~r~up& of women, totat1n~ ·1~5 pat1e~t~. 

dur!n~ the period from 196~ t~ 1986. Flu~ridP wa~ ~iven (1) with cnl~ium witt 

or without vitamin D and (2). with calcium and •~tro~en with or without vitAmin 

D. D~~es were 40 to 60 m~ NaF daily with a total of 61 patient& (of 165 

total) receiving fluoride. Of these, 23 (38 percent) developed advPr~e 

reactions ~hich ~aused five of thPrn to withdraw from the study. These effects 

were not seen in the control patients ~r in the o~her experimental groups 
. . 

·(those treated with calcium alone or with vitamin D, or with calcium plus 

estrogen ~ith or without vitamin D). 

Among the patients t_reated with NaF, 60 percent showed radiographical ly 

demonst~able increases in vertebral bone mass; Patient$ ~1th these changes 

showed about one-seventh the fracture rate of the other patients. The 

incidence of fractures per 1000 patient-years fo, patients treated with 

fluoride, calcium and estrogen (vit_h or witho.ut vitamin D) was significar.tly 

-6 less than in controls (P<r x 10 ) and also was significantly less than in 

those treated with fluoride and calcium (with or without vitamin D) (P<O.OOJ), 

The authors believe vitamin D should not be included because of the increased 

incidence of hypercalcemia or hypercalciuria or both. 

Berstein et al. (1966) compared the incidence of osteoporosis, red',lced 

bor.e density and collapsed vertebrae in two populations using water supplies 

-vith different concentrations of fluoride. In this study, a roentgenogram of 

the lateral lumbar area o! the spine and answers to a questionnaire were 

obtain~d for 166 males and for 134 females who were long-term residen~s of 
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areas where the water supplie~ contained 4 to 5.8 m1 F/L. Similar infonnotion 

was ohtained for 31~ male and. ,03 female lon~-term user6 of water supplie~ 

containing 0.15 t~ 0.3 mg F/L. More than 5~ percent of the particira~ts in 

each area had never lived outside their respective areas. The subjects of 

each sex in each population were grouped by age into those 45 to 54 yearR old, 

55 to 64 years old and 65 years old and over. Evidence of osteoporosis, 

reduced bone density and incidence of collapsed vertebrae were higher in the 

low fluoride area in both sexes. For women 55 to 64 years old and 

65 years old and older the difference in prev~lence of reduced bone density 

was significant at the P<O.Ol level. In men the difference was significant 

only for the 55- to 64-year-old group (P<0.05). More subjects in the high 

fluoride area had ncrmal or increased bone density. There was no significant 

difference in the incidence of collapsed vertebrae among male residents of the 

two areas. For women, the greater incidence of collapsed vertebrae in the low 

fluoride area was significaht at the P<0.05 and P<0.01 levels for the 55- to 

64-year-old and the 65-year-old and over groups, respectively. The authors 

concluded that 4 to 5.8 mg F/L in drinking water "materially and 
i 

significantly" reduced the prevalence of osteoporosis and collapsea vertebrae, 

and that the effects were more pronounced in women than in men. 

c. Cardiovascular 

In the study by Bernstein et al. (1966) the incidence of aortic 

calcification (as seen in the X-ray films) was less in residents of the high 

fluc~ide area than in those ~sing low fluoride water. The difference was 
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apP.Toxirnately 40 peTcent and wa~ statistically si~nifi~ant foT men in all agP 

JToups. Women in th, 5\- to 64-yeaT-old grour al~o showed a stat1~t1cally 

s1,nificant diffeTence in the 1n~1dence of aortic cal~ification. A ~imilar 

tTend, although not stati~titally ~1gn1f1cant, was ob~Prved in female~ 65 

years of age and older. 

d. Hearing 

Shambaugh and Causse (197L) treated more than ,,oo~ patients with active 

otospongiosis of the cochlear capsule with sodium fluoride for 1 to 8 years, 

using doses of 40 to 60 mg daily with calcium and vitamin D supplements. The 

fluoride was administered in enteric coated table.ts. In about 80 percent of 

the tteated patient~ there was a stabilization of the sensorineural component 

of hearin, los~, with recalcification and Inactivation of the actively 

expanding demineralized focus of otospongiosis. In a few cases he~ring was 

improved, .while in others the hearing loss continued to worsen. In a number 

of instances, cessation of therapy after stabilization of hearing and 

recalcification had been achieved was followed (two to seven years later) by 

reappearance of a demineralized focus and an increase in the sensorineural 

loss. Shambaugh and Causse (1974) recollll!lended a maintenance dose of 20 mg 

daily of sodium fluoride after stabilization has bee~ achieved. 

Causse et al. (1980) gathered more evidence for t,he. beneficial effect of 

fluoride thera·py on otospongiotic foci through polytocographic studies, 

statistical analysis of 10,441 cases (with a follow-up of three months to ten 
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year~) and by comparing trypsin concentration in the perilymph before and 

after Naf therapy. Tryp&in, which 1~ toxic to hair cells and destroy~ collagen 

fibrils in th, bony otic cap~ule, was si~nif1cantly (no P value ~1ven) red~ced 

in 661 of cases at moderate Naf-(45 mg/day) do~e~. Fluoride therapy cause~ 

expulsion of cytotoxic enzymes into lacyrinthine fluid! and retardation of 

sensorineural deterioration. The lon~-tenn effect of therapy is the reduction 

of the bone remodellin~ activity of the otospongiotic focus. NaF therapy (in 

patients with cochlear deterioration and pro~ressive cochlear component) can 

improve hearing in children but can only arrest deterioration in older patients. 

NaF may retard, but cannot release, stapedial fixation. Fluoride action 

reduces vertigo •s an effect on vestibular function. Dosages used by the 

authors range from 3 to 60 mg/day depending on the nature of the otospongiotic 

impairment (in children only 1.5 to 10 mg/day are prescribed to avoid st~nting 

growth). The authors observed no fluorosis in more than 10,000 cases. 

3. Interactions 

Aluminum salts inhibit the absorption of fluoride, as has been shown by 

Robbs et al. (1954). lncorporation of alum~num sulfate into the ration of 

livestock resulted in an increase of fecal excretion of fluoride, a decrease 

in urinary excretio~. decreased skeletal storage and lessened mottling of 

ir.cisor teeth. 

4. RelativP Source Contribution 

Approxiaately one million persons in the,U.S. use water supplies which 

contain more than twice the local optimal concentration for prevention of 
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dental car1PF. These people live in ahout 1,200 comr.iunitieF, moAtly in the 

southwest <Small 1983). Water aurplie~ u~ed by some of theFe communities may 

contain more than 4 mR F/1.. ln general, waterborne fluoride concentrations 

are higher west of the M1Fsissippi River than the~ are in the eastern part of 

the continental U.S. (Smith 1983a). Further, the hi~he~t concentrations in 

.... acer supplie~ are observed in areas where t·hP soil is rich in apatite O! 

other fluoride minerals and the water is obtained· from wells (NAS 1971). 

Frequently these higher fluoride areas are in regions where the annual mean 

temperatures are ~omewhat elevated. As a result, water consumption may be 

higher and the fluoride intake by the population increased. 

According to the Natio~al Institute for Occupational Safety and Health 

(NIOSH 1975, 1976) there were approximately 22,000 workers exposed to hydrogen 

fluoride :'.n 57 different occup~tions and 350,000 w~rkers exposed to inorganic 

fluorides in 92 occupations (1976 and 1975 estimates, respec~ively). These 

workers are exposed to airborne fluorides during their worki~g hours, but the 

concentrations are limited by Occupational Safety and Health Administration 

standards intende.d to prevent the development of skeletal fluorosis. There is 

no evidence tha· 

fluoridated war 

fluorosis. 

F. Summary 

· •· ~duals occupationally exposed to flu~rides and using 

developed radiographically demonstrable skeletal 

While there is considerable variation in the numerous epidemiological 

studies -performed, it is believed that the incidence of objecticmable 
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(moderate and severe) dental fluorosis begins to impact a marked segment of 

the population when the drinking water concentration approaches 2.0 mg F/L. 

The available human data indicate that the ·no-effect-level for the 

initial symptoms of skeletal.fluorosis (increased bone density) is between 3.0 

to 8.0 mg F/L. The NOAEL for crippling skeletal fluorosis in the U.S. is 

believed to be at drinking water concentrations at or above 10.0 mg F/L. 

Thus, a drinking water concentration of 4.0 mg F/L is considered to provide 

adequate protection for crippling skel,tal fluorosis with a margin of safety. 
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