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Fluoride, sulfur dioxide and ozone are recognized to be among
the most serious air pollutants. Chlorine and ethylene follow next
in importance (1).

Fluoride gases in the air exist principally as hydrogen fluoride
(HF), silicon tetrafluoride (SiF4) and their aqueous solutions. fluo-
ride comp01.U1dsreach the air from two sources: 1. Volcanic action,
2. Man's industrial activities.

1. Volcanic Action

In Iceland records go back to 1100A. D. of a disease among do-
mestic animals, particularly among grazing sheep, which appeared
after periodic eruptions of the volcano Hekla (2).

In June, 1912, the top of Mount Katmai in southwest Alaska
was blown off by volcanic action. At about the same time a vast
number of tiny volcanic vents or fumaroles appeared in the valley
below. This area, 4 miles wide and 12miles long, is appropriately
knownas the valley of "Ten Thousand Smokes". The fumarole va-
pors contain about 0.03% (300 ppm) fluorine. When discovered, this
source was discharging an estimated 135,000 (3) to 200, OOO( 4) met-
ric tons of HF into the atmosphere each year. Much of the F gas
from ancient as well as more recent volcanic actions still circu-
lates in the earth's atmosphere.

Forest fires also release F into the air, sirce all vegetation
contains some fluoride.

2. The Man-Made Problem

Man is adding F in ever increasing quantities to the atmo~here.
The two greatest acute air pollution episodes occurred in Be1gium's
Meuse Valley and in Donora, Pennsylvania.

The Meuse Valley Disaster: In early Deoomber1930,
fog and a thermal inversion with no movement of air, resulted ina
disaster in the heavily industrialized Meuse Valley of Belgium.
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F as Air Pollutant

Several thousand people became ill. On the fourth and fifth days,
60deaths occurred. VanLeeuwen(5), Holland's greatest authority
on respiratory diseases, advanced the idea that gaseous fluorine
emanating from certain factories caused the acute intoxication.
Later (1937)Kaj Roholm(6) presented final and convincing evidence
that this was correct.

The Donora Disaster: In 1948,Donora, Pennsylvania,
experienced a disaster similar to the one in the MeuseValley 18
years earlier. At the end of October, a fog bank on the tops of
the valley walls surrounded the town for four days. This bank
permitted little movement of air. There was an accumulation of
gaseous waste products from several very large industrial plants,
train engines and river boats. Operating in the valley were a zinc
works, a steel mill with blast and open furnace, a wire mill and
two nail galvanizing mills. All these plants emitted fluoride as
well as other noxious gases.

Six thousand of the 13,000 residents became ill. Seventeen
died on the fourth day, two more the next day and one eight days
later. Philip SadHer, a chemical engineer (7),was called by the
Borough of Donora to investigate. There was evidence of acute
F poisoning in persons whohad been previously ill willi chronic F
poisoning. Blood concentrations of fluoride were 12 to 2S times
normal. Dyspnea was noted in hundreds of cases.

Corn crops, known to be sensitive to fluorine, and other
vegetation, were severely damaged. Inanimate materials, such as
glass, had been attacked by acid gases. Manyherbivorous animals
showed the effects of chronic fluorine poisoning.

Two months after the disaster the Public Health Service under-
took an investigation. They concluded that a mixture of gases was
responsible hut failed to pinpoint any single agent as the main cause.

Sources of Indus trial Fluoride Air P oUu tion

In the utilization of coal as fuel, F gases are evolved. Coal
coniains between 40 to 295 ppm F (8), according to where it is
mined. By 1966, the world output of coal had risen to 527 million
tons. On the basis of an average of 120ppm F, the burning of this
coal would have released 63,000 tons of F into the air.

Bituminous coal consumption in the United States for 1963
was more than 400 million short tons (9). About half of this ton-
nage (209 million) was used by electric power utilities.
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6 MacDonald

In NewYork City II power plants of Consolidated Edison Co. pro-
duce electricity and steam. Of the total fuel requirements for this
company in 1966, about 43%was met by fuel oil, 36%by coal, 19%by
natural gas and 2%by nuclear fuels (10). Because of the thick black
smoke which emanates from the coal and oil burning 'plants, Consoli-
dated Edison is nowbeing required by the City of New York to utilize
coal and oil with a lower sulfur content. A large precipitator which
takes the particulate matter out of the residue from burning of coal
and oil was installed in one of the plants at a cost of $10million. Yet;
much invisible fluoride gas is still being emitted from 111ecoal burn-
ing power plants.

For the Los Angeles area, the Western Energy Supplyand Trans-
mission (WEST)Associates (ll) are building two immense coal burning
power stations. Each will put out three times the power of any local
station. One is located near Davis Dam in California. The other, the
Four Corners plant in the northwestern tip of NewMexico (12), will
start supplying southern California by the middle of 1969. Controls
against air and water pollution will be provided. However, it is not
clear whether these controls will remove the F gases as well as SO2
and other particulates.

CIa y: Clay is used in manufacturing brick, tiles and ceramics.
It contains several hundred ppm F. Much of the halogen is driven off
into the air when these articles are fired. Coal used for fuel in this
process contributes further to the total F emission. Damage to vege-
tation from fluoride emission from brickworks was first described in
1913(13), fluorosis of farm animals from the same kind of industryby
Blakemore in England, in 1948(3).

Fig. 1

Services of Air Pollution in the San Francisco Area
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F as Air Pollutant

Six brick, tile and pottery factories are located in a relatively
small area of southern Alameda County, California (14)(Fig. 1.)Com-
mercial nurseries, apricot orchards and other vegetation have been
adversely affected. In San Jose, in adjoining Santa Clala County,where
three brick and tile plants are located, apricot leaves from trees con-
tained 380 ppm Fin 1961(14)and 532 ppm in 1962(15), the highest con-
centrations found in the six counties of fue San Francisco Bay Area Air
Pollution Control District.

Cryolite: Cryolite (3NaFAlf3 or Na3AIF6)contains 54.3%
fluorine (16). Its principal use is in the aluminum industry, as an e-
lectrolyte, for the reduction of aluminum oxide (AIZ03)to the free
metal. For 100years cryolite was mined at Ivigtut, Greenland. In
1963mining was discontinued because of depletion of the deposit (17).
However, stockpilei.' material at the mine site is sufficient to supply
mnsumer needs for the next 15 to 25 years. In 1964, 18,531short tons
valued at $727,675 were imported to the U.S.A. from Greenland by
Pennsalt Chemicals Corporation of Natrona, Pennsylvania.

Natural cryolite is comparatively expensive. Hence, a synthe-
tic cryolite industry has come into existence. Synthetic cryolite
is made from hydrofluoric acid, which is produced from fluorspar
(CaF2)·

In the production of aluminum, fluorides may pollute the in-
side of the plant and the su=ounding atmosphere (16). Fluorosis of
cattle due to F fumes from an aluminum factory in Switzerland was
first reported during the period of 1911-18(18), and in Norway (19)in
1934.

In the U.S.A. the aluminum industry has been involved in exten-
sive litigation for damage to orchards, cattle and other livestock
for many years. In 1955,for the first time, damage to human health
was proved to the court in an Oregon cattle rancher, his wife and
daughter (20). As much as 3,9861bs. of F per day was emitted into
the air from an aluminum factory, enough to etch the windows of 1he
ranch. Air-cleaning equipment, installed at a cost of $270,000 in
1946,hadcut F emission from 7,000 lbs. to less than 4, 000 lbs. per
day. Additional controls installed in 1950at a cost of $2,100,000 cut
the emissions to less than half a ton a day.

At The Dalles, Oregon, fluoride determinations were made on
seven crops, June 30, 1958, within a one mile radius of the site where
an a1wninum factory was nearing completion. The average was 3 ppm.
Three months after the start of operation of the plant, the same
seven crops averaged 140ppm F (21).

Fl u 0 rs pa r: Fluorspar (CaF2) mining started in England about
1775and in the U.S.A. after 1820(22). Calciwn fluoride (the purified
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8 MacDonald

form) contains 51.1%calcium and 48. 9%fluorine (16). Although the
United States has been the world's largest fluorospar producer, do-
mestic consumption far exceeds the output: over half the supply is
imported (17), 80%of which comes from Mexico.

From 1930to 1964, the world output of fluorspar rose from about
250,000 tons per year to 2,770, 000 tons. 8C% of fuis output was used
in the metal industry (6). It takes about 6. 51bs. of fluorspar to pro-
duce a ton of steel.

Hydrogen Fluoride: In spite of the enormous increase in
the need of fluorspar for production of steel, its consumption now
takes second place to that of hydrofluoric acid. One of the largest
uses of hydrofluoric acid is in the production of synthetic cryolite
for the aluminum industry (4).

Since 1942anhydrous hydrogen fluoride has been employed as a
catalyst in the production of high octane gasoline, replacirg sulfuric
acid for that purpose in about half the refineries. One refinery in
California required 500 to 750 tons of hydrogen fluoride each year
(23). According to the Shell Petroleum Handbook, "Commercial
operations are complicated by the poisonous nature of the catalyst
and its solubility in the hydrocarbons being processed". Both the
air around refineries and the resulting gasoline are thus contaminated
with fluoride. A year after the process was firstused in LosAngeles,
people began to complain of the eye-irritating effects of the smog. F
causes conjunctival irritation.

Hydrogen fluoride is also used in making fluorocarbons, aerosols,
plastics and refrigerants. Furthermore, it is employed in the field
of atomic energy, to produce uranium tetrafluoride from uranium
oxide. The tetrafluoride is then used to produce uranium hexafluo-
ride, that most volatile compoundutilized in the separation of uran-
ium isotopes by thermal diffusion (22).

Pure Ii qui d £1u0 r i n e, derived from hydrofluoric acid, is
being developed as a rocket fuel. A fluorine-hydrogen rocket gener-
ating 40,000 lbs. thrust was successfully fired in 1964(24).

In the Santa Cruz Mountains of California (25), Lockheed Missiles
Space Co. is developing rocket fuels, chiefly liquid hydrogen and liquid
fluorine. They are knownas "cryogenics" because they must be kept
"super cold" all the way to the moon.

In the manufacture of liquid fluorine, in its testing and utiliza-
tion, large amounts of fluorine are released into the atmosphere.

~ hat e Roc k: Fluorides make up between 3 and 5%of phos-
phate roc . The United States has an enormous reserve of phosphate
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rock. Its fluorine content is estimated to be equivalent to 900 mil-
lion tons of fluorspar (22).

Seventy-five per cent of the marketable phosphate rock in the
United States is produced in Florida's Polk and Hillsborough Counties.
In this area 13companies operate 17plants (26)which produce phos-
phate fertilizer, phosphoric acid, and elemental phosphorus. In every
step of the processing, F is released. The daily emission amounts
to 17tons (27). About 30%of the F is evolved; the rest remains in
the phosphate fertilizers. In 1952, production of phosphates in the
U.S.A. reached 12million tons; in 1961,17.5 million tons containing
about 525,000 tons of fluoride (28).

The gases evolved in phosphate production are HF and SiF4, In the
above-named area shrubbery and citrus trees have been damaged for
fifty miles in one direction and sixty miles in another. Some 25,000
acres of citrus have been destroyed (27).

Fluoride gas enters the green leaves of all growing things. In for-
age grass it may build up to concentrations as high as 1000ppm. Con-
centrations in excess of 30 ppmare toxic to cattle. Polk County
cattle have suffered from fluorosis. Respiratory ailments are com-
mon among the inhabitants of that area. Gaseous silicon tetrafluo-
ride is decomposed in moist air passages to hydrogen fluoride and fluo-
silic acid (H2SiF6)(29). The latter then gives off silica which is de-
posited in the lungs.

The first law suits for damage by the superphosphate industry to
vegetation and herbivorous animals started in 1891(6). In the U.S.A.
litigation in Florida and Tennessee has involved millions of dollars.

Some of the phosphate companies have installed very efficient air
pollution control devices. However, storage sheds, conveyor belts
and other parts of the operation still emit F directly to the atmos-
phere (26). The fluoride which is recovered by these devices has re-
acted with the silica to form fluosilicic acid or its salts. Although a
process is knownfor converting these salts to synthetic cryolite, the
process is too expensive to compete with the hydrofluoric acid process.
The presence of silica in the molecule is the problem (4, 16, 22, 28).
About the only commercial use for fluosilicic acid and sodium silico -
fluoride is the sale to municipalities to add to their water supplies for
fluoridation. What is not sold to cities must be neutralized and dis-
carded. It is being diluted with water and metered into water courses.
Sodiumsilicofluoride is the form most used for water fluoridation,
the primary reason being its low cost. Three percent of the fluoride
(IS,000 tons) in the phosphate rock mined in one year would fluoridate
all the water supplies in the U.S.A. (28) for a year.
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10 MacDonald

Disposal of Waste Fluoride

More than fifty different industries emit F into the atmosphere.
Devices to reduce the quantities of such emissions increase the a-
mounts of F that must be disposed of by other means. Wet collectors
add to the total quantity of liquid F waste which must be discharged
into water courses.

A new triple superphosphate fertilizer plant at Brewster, Florida,
employs a battery of neoprene rubber-lined scrubbers for control of
F and 802 emissions (30). The liquid from the scrubber is treated by
chemical and physical means to reduce the F concentration to below 5
ppm before it is discharged into the Alafia River. This conforms to
the stream pollution control requirements of the state (31).

At the Lewis Flight Propulsion Laboratories, Cleveland, Ohio,
hydrogen fluoride is removed from the exhaust of engines under test
by means of small scrubbers. Fluoride in the exhaust of the scrubber
is thus reduced to less than 100 ppm. The scrubbing liquid is then di-
luted and metered slowly into a sewer. In the sewer the F concentra-
tion is limited to 1 ppm.

The Atomic Energy Commission plant at Fernald, Ohio, produces
uranium and thorium metal. The Miami River on which this plant is
located provides a means for disposal of liquid wastes. Their biggest
single problem is fluorides. Hydrogen fluoride and metal fluoride by-
products are generated. Solids from off-gases containing hydrogen
fluorides, removed from scrubber systems by filtration, are stored
in a pit on a site prepared to prevent ground water contamination.
Neutralized soluble fluorides are discharged into the river with other
treated wastes. The discharges are regulated so that a permissible
average level in the river below of 1.2 ppm is not exceeded. An aver-
age of 15,000 lbs. of F per month has been discharged into the stream
(30). The Miami River flows into the Ohio just below Cincinnati, and
people downstream from Fernald use this water.

At San Jose, California, where General Electric Co. has installed
equipment for processing uranium isotopes from uranium hexafluoride,
waste water containing fluorides is discharged into the sewer.

During World War II, the Columbia Geneva Division of the U.S.
Steel Corporation at Provo, Utah, increased steel production enormous-
ly. The plant polluted the air with F so that crops and livestock suf-
fered visibly. Some $4. 5 million were paid out in settlements in and
out of court. The company then spent $9 million on air cleaning equip-
ment. It installed electrostatic precipitators which recaptured a-
about 90% of the fluoride (30). With no large body of water nearby,
conventional scrubbing methods could not be used. Discharge of such
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F as Air Pollutant 11

large quantities of wash-water as would have been required, might
have created a stream pollution hazard more serious than the air pol-
lution problem. The method chosen was that of converting the gaseous
fluoride to solids by reaction with fine particles of calcium and sub-
sequently collecting them with cyclones and electrostatic precipita-
tors. The waste material thus collected is hauled to a protected lo-
cation at a clay pit, where it is covered over with other solid mill
wastes and permanently confined. Forty tons of lime dust a day are
required.

By multiplying the number of industrial plants using our sewers,
lakes, rivers and streams for discharge of their fluoride wastes by
$9 million, one can estimate the cost of stopping pollution of the air,
countryside and waterways at billions of dollars.
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