
Chapter 6.5 Fluorides 
 
 

General description 

Fluorine (F) is the most reactive nonmetal and the most electronegative element, and therefore 
almost never occurs in nature in its elemental state; it combines with all elements, except oxygen and 
the noble gases, to form fluorides. Sodium fluoride (CAS No. 7681-49-4) appears as an odourless 
white powder or colourless crystals, with a water solubility of 4% at 15°C and a pH (saturated 
solution) of 7.4 (1). Hydrogen fluoride or hydrofluoric acid (CAS No. 7664-39-3) is a colourless 
gas or fuming liquid with strong irritating odour, highly corrosive, very soluble in water and with a 
vapour pressure of more than 1 atmosphere. Odour detectable limits are 0.033–0.1333 mg/m3, 
while the irritating concentration is 4.17 mg/m3 (2). 

Sources 
Inorganic and organic fluorides are present in all soils and water, as well as in the plants and animals 
consumed by humans for food (3). Except for industrial emissions, the largest environmental source 
of fluorides is fluoridated water supplies; fluorine is added deliberately with the aim of preventing 
dental caries. In some parts of the world, deposits of rocks containing a high level of fluoride cause 
a large increase in the fluoride content of water or food and, consequently, the exposure to fluoride 
is sufficiently high (usually more than 6 mg/day) to cause endemic fluorosis (3), which is 
characterized by stiff joints, weight loss, brittle bones, anaemia and weakness. Fluoride is found in 
insecticides, rodenticides, floor polishes, in the petroleum and aluminium industries, glass etching and 
timber preservation and in dietary supplementation and toothpastes (up to 1 mg/g of toothpaste), 
and it is added to water supplies (4). Hydrogen fluoride/hydrofluoric acid is used in the 
semiconductor industry, the manufacture of chemicals, solvents and plastics, and in laundries. 
  
Supplementation of drinking-water with fluoride has been carried out since 1945. As of 1984, more 
than 260 million individuals have received fluoridated water throughout the world. In addition, about 
as many people have been supplied with drinking-water with a natural fluoride content of 1 mg/litre 
or more. The latter group has had about 50% less dental caries than those with a supply of 0.1–0.3 
mg/litre. Effluents from areas with fluoridation have limited influence on the final fluoride level in the 
fresh-water recipient because, in addition to removal by biological processes, large amounts are 
precipitated by aluminium, iron and calcium salts during chemical treatment of sewage (5). 

Occurrence in air 
Because of its extensive industrial use, hydrogen fluoride is probably the greatest single atmospheric 
fluoride contaminant (3). The United States Environmental Protection Agency (EPA) has identified 
1334 sites eligible for clean-up by the federal authorities (6). Fluorine-containing compounds were 
found at 130 of these: fluorine at 28, hydrogen fluoride or hydrofluoric acid at 19. These and other 
sites that may be added in the future are potential or actual sources of human exposure to fluorine-
containing compounds. The contribution of volcanic activity to the content of fluoride in the Earth’s 
atmosphere is 1–7 × 106 tonnes per year (7). Most airborne fluoride in urbanized areas comes from 
industrial sources: more than 155 000 tonnes were discharged into the atmosphere in 1968 and the 
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aluminium industry was responsible for about 10% of this emission. In industries such as steel 
production plants, superphosphate plants, coal-burning power plants, glassworks and oil refineries, 
occupational exposure to fluoride levels of about 1 mg/m3 may occur. Various types of coal contain 
fluoride levels in the range 4–30 g/kg (8,9). In a study conducted in the United States of America, 
the maximum concentration of fluoride in the air was 1.89 µg/m3 (10) and similar results were 
reported from Europe (11). 
  
A high incidence of endemic fluorosis related to air pollution has been reported in China; the major 
source of air pollution was coal burned by residents in their homes. Another source of pollution is 
the small kilns used to make bricks and tiles. The fluorine content of the coal and mud used to make 
bricks and tiles exceeded 10 000 mg/kg, and this resulted in air pollution when the bricks or tiles 
were fired (12). In the vicinity of a 1000-megawatt coal-fired power plant in the Netherlands, 
increased wet deposition of fluoride was observed (13). The results of plume wash-out experiments 
were used to test a wash-out model for predicting the wet removal of major pollutants from a plume. 
In the immediate vicinity of factories producing fluorides, the amount of fluorides in the ambient air 
may be much higher for short periods, e.g. 5–20 times the values measured in background samples. 
However, recently reported values are usually lower owing to improved control technology. 
  
Fluoride ion in air can be determined by collection on a membrane filter followed by treatment with 
an ion-specific electrode (14). 

Routes of exposure 

Air 
Fluorides are emitted into the air in both gaseous and particulate forms. Particulate fluorides in the air 
around aluminium smelters vary in diameter from 0.1 µm to around 10 µm (15). This means that 
penetration into the lung alveoli is possible, with resultant health effects. 

Drinking-water 
In temperate areas, the optimal level of fluoride was established at 1 mg/litre and this level was 
connected with a low prevalence of dental caries (3,16). Some mineral waters contain fluoride at a 
concentration of 8.5 mg/litre and have been associated with skeletal fluorosis (17). 

Food 
Comprehensive determinations of fluoride in foods were reported from Finland (18) and other 
European countries (19). Highest values were reported in fish; fish bone fluoride contributed to 
these, especially in canned fish (0.9–8.0 mg/kg fresh weight) (18). 
  
Various foodstuffs prepared with fluoridated water may contain a fluoride concentration of 0.6–1 
mg/kg as compared to the usual concentration of 0.2–0.3 mg/kg (7). One cup of tea contains 1–4 
mg of fluoride (20). Fluoride in various beverages may contribute to dental fluorosis in children (21). 
  
Exposure of plants to airborne fluorides leads to deposition on the outer surface and uptake into 
plant tissues. Fluoride in vegetation contributes to human and animal dietary fluoride. Long-term 
exposure to concentrations of more than 0.2 µg/m3 may cause injury to plants (3). 
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Relative significance of different routes of exposure  
Owing to considerable fluctuations in fluoride levels, there is significant variability in human fluoride 
intake. In heavily industrialized English cities, the maximum amount of fluoride inhaled daily ranges 
between 0.01 and 0.04 mg (22). In the Netherlands, it was estimated that children living near 
industrial sources of fluoride inhaled 0.06 mg of fluoride on a day of maximum pollution (23) and 
similar values were reported from Sweden. 
  
Regarding occupational exposure, the daily amount of fluoride inhaled, assuming a total respiratory 
rate of 10 m3 during a working day, could be 10–25 mg when the air concentration is at the most 
frequent exposure limits of 1–2.5 mg/m3 (24). For monitoring of workers, fluoride levels in urine 
should be checked periodically and skeletal X-ray examinations, particularly of the pelvis, should be 
performed (24). 
  
The intake of drinking-water by direct consumption and by addition to food was estimated at 0.5–
1.1 mg/day for children aged 1–2 years (16). The mean daily intake of bottle-fed infants in Sweden 
during the first 6 months of life in areas with optimum fluoride content was estimated at 0.13–0.20 
mg/kg body weight (3). In areas where drinking-water contains less than 0.4 mg/litre, the fluoride 
intake of adults from food and drinking-water does not exceed 1 mg/day. The total diet in areas 
where water supplies are fluoridated may contain a mean of 2.7 mg/day compared with 0.9 mg/day 
in non-fluoridated areas (25). 
  
In summary, except under occupational exposure conditions, respirable intake of fluorides is almost 
negligible. Total fluoride intake depends on fluoride levels in food and beverages, while fluoride in 
water adds considerably to fluoride levels in prepared food. Additional intentional fluoride intake 
may occur through the ingestion of fluoride tablets and the use of fluoride-containing therapeutic 
agents and topical fluoride preparations. 

Toxicokinetics  

Soluble fluorides are readily and completely absorbed from the gastrointestinal tract. Bioavailability 
from dentifrices is 84–100% (26). Following single oral fluoride doses of 1.5–10 mg, plasma 
fluoride levels reached 0.06–0.4 mg/litre within 30 minutes (27). Pharmacokinetic data showed a 
multiexponential elimination of plasma fluoride; the initial rapid phase was followed by a slower 
phase with a half-life of 2–9 hours (28). With normal renal function, fluoride is excreted in hours to 
days; in the presence of end-stage renal disease, the elimination phase was prolonged up to 2 years 
(29). Fluoride is not protein-bound and occurs as free ion in the plasma (28). The volume of 
distribution is 0.5–0.7 litre/kg (4). 
  
Bone deposition of fluoride occurs to the extent of 50% in growing children but only 10% in adults 
(30). The renal excretion of fluoride is slow; 50% is excreted unchanged daily in the urine (28).  
Fluoride is also excreted in the faeces and in sweat, and the balance is deposited in bone. 
Mobilization from calcified tissues is dependent on the fluoride content of bone which reflects 
previous fluoride intake, mainly in drinking-water. 
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Health effects 

Effects on experimental animals and in vitro test systems  

Toxicological effects 
The oral LD50 in mice is in the range 44.3–46 mg/kg, while in rats it is 51.6 mg/kg. Toxic effects 
reported in animals were mild fluorosis in cattle when their diet contained sodium fluoride at a 
concentration of 40 mg/kg, decreased wool production and changes in the teeth of sheep with an 
average daily fluoride intake of 14 mg over a 7-year period; in fish, weight loss, violent movements, 
tetany and death were reported after exposure to poisonous amounts of fluoride (3).  

Mutagenic effects 
When tested for mutagenicity, positive results were obtained in the mouse lymphoma test for sodium 
fluoride. The latter induced unscheduled DNA synthesis in cultured human cells and was not 
mutagenic in the Salmonella/microsome assay at concentrations of up to 4421 µg/plate (4). 

Effects on humans 
Fluoride has been classified by the United States National Academy of Sciences (31) as an essential 
nutrient. Its beneficial as well as its toxic effects in humans have important public health implications. 
While daily intake of 1–3 mg of fluoride prevents dental caries, long-term exposure to higher 
amounts may have deleterious effects on tooth enamel and bone; single doses of 5–10 mg/kg body 
weight cause acute toxic effects, and death was reported following ingestion of 16 mg/kg (3,4). The 
usual lethal concentration range is 70–140 mg/kg (4). 
  
The toxicity of fluorides is due to the toxicity of the fluoride ion, a direct cellular poison that binds 
calcium and interferes with the activity of proteolytic and glycolytic enzymes. Fluoride inhibits oxygen 
consumption and blood clotting and diminishes erythrocyte glycolysis. It also induces efflux of 
potassium from red blood cells; the resulting hyperkalaemia and hypocalcaemia have been 
implicated as contributing factors in fluoride-induced arrhythmias (29,32). 
  
The acute effects of hydrogen fluoride inhalation are extreme irritation of the respiratory tract with 
coughing and choking; upon contact with skin and eyes, the liquid or vapour causes severe irritation 
that may result in severe burns and prolonged or permanent visual defects. 
  
Following ingestion, fluorides react with gastric acid to produce highly corrosive hydrofluoric acid 
which causes nausea, vomiting, diarrhoea, abdominal pains and haemorrhagic gastroenteritis, cardiac 
arrhythmias, hyperactive reflexes and tetanic contractures due to hypocalcaemia. Respiration is first 
stimulated, then depressed. Death is usually caused by respiratory paralysis (4). 
  
Chronic effects from inhalation or ingestion are fluorosis, weight loss, malaise, anaemia, discoloration 
of teeth and osteosclerosis (brittle bones, calcified ligaments) (3). Fifty cases of mild skeletal 
fluorosis and periosteal thickening were described in a German study of people residing for 20 years 
within 2 km of industrial fluoride pollution (33). 
  
Dust pollution from a phosphate mine was identified as the cause of extensive dental fluorosis in 
several hundred children living within 1–1.5 km of a mine that used old emission control technology 
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(34). Increasing prevalence of dental fluorosis with increasing water fluoride level was found by 
Myers (35). Dental fluorosis, osteoporosis and osteosclerosis were more frequent than in controls in 
a study performed in children living in areas polluted by aluminium plant waste (36). Adverse effects 
have been attributed to daily ingestion of large amounts of fluoride for the treatment of osteoporosis 
(37,38). 
  
The health effects of fluoride intake in drinking-water are summarized in Table 1 (39). 
 
 

Table 1. Fluoride intake in drinking-water and health effects 
 

Drinking-water fluoride 
concentration (mg/litre) 

Health effect Population 
affected (%) 

 
1 
 
2 
 
2.4–4.1 
 
8 

 
Dental fluorosis 
 
Dental fluorosis 
 
Dental fluorosis 
 
Osteosclerosis 
(on X-ray) 

 
1–2 
 
10 
 
33 
 
-- 

 
  Source: Kaminsky (39). 
 
 
Transplacental passage of fluoride was studied in 25 randomly selected neonates in India. Average 
fluoride concentration in cord blood was 60% of that in the mother’s blood (40). Some functional 
changes in the testicles and increase in fetal death rate were observed after exposure to lead fluoride 
dust at a concentration of 50 mg/m3 in a Russian study (41). 
  
No evidence has been found of an association between fluoride and mortality from cancer in humans 
(42). 
  
As regards industrial exposure, establishment of dose–response relationships has been difficult. The 
parameters used were air concentrations and urinary fluoride. There was good correlation between 
the concentrations of fluoride in post-shift serum and urine, and a linear relationship was observed 
between mean serum and urinary fluoride concentrations and hydrogen fluoride concentration in the 
workplace: 82.3 µg/litre in serum and 4 mg/litre in urine corresponded to an atmospheric hydrogen 
fluoride concentration of 2.5 mg/m3, which was the threshold limit value (TLV) in Japan, where the 
study was carried out (43). The current TLV in the United States is 2.3 mg/m3. 
  
Bronchial hyper-reactivity was the main health effect at a mean hydrogen fluoride concentration of 
0.56 mg/m3 and a mean particulate fluoride concentration of 0.15 mg/m3 (44). The risk for 
developing asthmatic symptoms, i.e. dyspnoea and wheezing was 3.4 and 5.2 times higher in the 
medium- and high-exposure groups, respectively, as shown in Table 2 (45). The data in Table 2 
show that total fluoride exposure, together with smoking was the major risk factor for the 
development of dyspnoea and wheezing in aluminium potroom workers; the incidence of symptoms 
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decreased after the first year of employment. No allergenic, carcinogenic or teratogenic hazards 
have been attributed to fluoride (3,4). 
 
 

Table 2. Risk estimate for the development of dyspnoea  
and wheezing in aluminium potroom workers 

 
Fluoride exposure 
(mg/m3) 

Risk estimate 95% confidence 
interval 

0–0.4 
 

1.00 - 

0.41–0.8 3.35 1.51–7.41 

>0.8 5.20 2.02–13.34 

 
   Source: Kongerud & Samuelsen (45). 
 

Evaluation of human health risks  

Exposure evaluation 
Exposure of the general European population to fluoride in its various chemical forms is highly 
variable. In heavily industrialized urban areas, typical daily inhalation intakes are in the range 10–40 
µg/day (0.5–2 µg/m3), and in some cases are as high as 60 µg/day (3 µg/m3). Fluorides are emitted 
to the atmosphere in both gaseous and particulate forms, but studies typically only report total 
fluoride content.  
  
The main sources of fluoride intake by humans are food and water. Except for occupational 
exposure, exposure to fluoride by inhalation is negligible. 
 
Regarding occupational exposure, the daily amount of fluoride inhaled assuming a total respiratory 
rate of 10 m3 during a working day could be 10–25 mg when the air concentration is at the most 
frequent exposure limits of 1–2.5 mg/m3. 

Health risk evaluation 
The most important long-term adverse effect of fluorides on human populations is endemic skeletal 
fluorosis. The beneficial effect is prevention of caries, as a result of both fluoride incorporation into 
developing teeth and post-eruptive exposure of enamel to adequate levels of fluoride. It is therefore 
of crucial importance to gather information on fluoride sources in the diet, especially water, the 
etiology of early skeletal fluorosis as related to bone mineralization, and dose–response relationships 
(3). 
  
The earliest reports of skeletal fluorosis appeared from industries where exposure of workers to 
100–500 µg/m3 per 8-hour day for more than 4 years led to severe skeletal changes. Skeletal 
fluorosis has also been diagnosed in persons living in areas with excessive fluoride in soil, water, dust 
or plants (3). 
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In one study, bronchial hyper-reactivity was the main health effect at a mean fluoride concentration 
of 0.56 mg/m3 and a mean particulate fluoride concentration of 0.15 mg/m3. In a longitudinal study 
performed on 523 aluminium potroom workers, total fluoride was the most important risk factor 
among the exposure variables. In this study, the risk for developing asthmatic symptoms, i.e. 
dyspnoea and wheezing, was 3.4 and 5.2 times higher in the medium- and high-exposure groups, 
respectively, than in the low exposure group. Exposure to other pollutants was limited and did not 
appear to confound the results. 
  
Children living in the vicinity of a phosphate processing facility who were exposed to concentrations 
ranging from about 100 to 500 µg/m3 exhibited an impairment of respiratory function. It is not 
known, however, whether the concentrations were gaseous or total fluoride. In another study, no 
effects on respiratory function were observed at gaseous fluoride levels of up to 16 µg/m3. 
  
There is no evidence that atmospheric deposition of fluorides results in significant exposure through 
other routes (e.g. through contamination of soil and consequently groundwater). 

Guidelines 
For exposure of the general population to fluoride, reference exposure levels have been derived by 
applying a "benchmark dose" approach to a variety of animal and human exposure studies. The 1-
hour reference exposure level to protect against any respiratory irritation is about 0.6 mg/m3, and the 
level to protect against severe irritation from a once in a lifetime release is about 1.6 mg/m3 (46). 
  
Data from various sources indicate that prolonged exposure of humans (workers and children) to 
fluoride concentrations of between 0.1 and 0.5 mg/m3 leads to impairment of pulmonary function 
and skeletal fluorosis. No effects have been found at levels of up to 16 µg/m3 gaseous fluoride. 
However, the available information does not permit the derivation of an air quality guideline value for 
fluoride(s). 
  
Skeletal fluorosis is associated with a systemic uptake exceeding 5 mg/day in a relatively sensitive 
section of the general population. Systemic uptake from food and fluoridated water is about 3 
mg/day. It is highly unlikely that ambient air concentrations of fluorides could pose any material risk 
of fluorosis. 
  
It has been recognized that fluoride levels in ambient air should be less than 1 µg/m3 to prevent 
effects on livestock and plants. These concentrations will also sufficiently protect human health. 
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