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FLUORIDES AND THEIR EFFECTS IN MONTANA

Fluorides represent the major pollutant emitted by Industry in 
the state of Montana. Excessive emissions of fluorides have resulted 

in extensive damage to vegetation, livestock, and wildlife. The evolution 

of fluorides continue to alter and inhibit growth of various species, 
both plant and animal. These emissions must be studied and controlled 

in an attempt to reach an equilibrium between ecology and the progress 

of Industry.
This thesis is a literary review of the properties, sources, and 

effects of fluorides as they occur naturally in our environment and 

artificially in industry. I will summarize the sources of excessive 
amounts of fluorides and their effects on living systems with emphasis 

on the pollution problem in Montana.
I am concerned in maintaining the natural state of the environment. 

Air pollution, especially fluorides, violate this homeostasis and become 
a threat to animal and plant life, human health and comfort, and life

itself.

HISTORY
Fluorides, present in everything in man’s environment, has been 

known for its beneficial effects in Increasing resistance to dental 
cavities since the 1930’s. Although widespread use of artificial 
fluoridated water is Justified and encouraged by all nations of the
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world, the potential hazard of exposure to elevated levels of fluoride 

has brought about much controversy.
Airborne fluorides from dusts and gases has been an obvious health 

risk for a long time. Roholm (1) claimed that within the last 1000 years 

fluoride pollution from volcanic eruptions In Iceland caused disease 
and death to domestic animals, who have eaten grass contaminated with 

the fallen ash. Damaging effects on vegetation and animals caused by 

man were first recognized In the production of clay and brick and In the 

smelting of ores. Early In the 20th century F" Injury to vegetation as 
a result of Industrial air pollution was well documented by Roholm.

Injury was reported around super phosphate plants, brickworks, glass 

factories, and aluminum plants.
The number of Industries using or producing fluorine and Its 

compounds Increases every year. Eslmation of total atmospheric emis
sions in 1970 came to nearly 120,000 tons per year In the U. S. alone (2). 

These emissions may be a serious hazard for the future of man and his 

environment. Today fluoride does not yet constitute a serious problem 
In pollution of ambient air concerning human toxicity, but damaging 
effects In sensitive vegetation and grazing animals present a definite 

pollution problem In areas near F“ emmltters.

SOURCES OF FLUORIDES
The main fluoride-contaminating minerals are fluorspar (CaF2), 

cryocllte (NaAlFg), and fluorapatlte Cryolite, used

In many Industrial processes, was obtained from a natural deposit in 
Greenland; but due to depletion of this source and increased demand,
cryolite is now synthetically produced (2). Fluorspar and fluorapatlte
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are present and are mined In many places in the United States. Fluorspar 

is used as a flux in the smelting of certain ores, such as aluminum, and 

in the ceramic industry. Phosphate rock, consisting mainly of fluorapatite 
is used in the production of phosphatic fertilizers, feed supplements, 

and elemental phosphorus.
Fluoride content of natural waters varies widely in different areas 

depending on the source of the water, the geologic formation, the amount 

of rainfall and the amount of water lost by evaporation. Surface waters, 
such as lakes and rivers, contain less fluoride than spring and well 
waters. In areas where the soil is rich in apatite or other F minerals 
high concentrations of F” is contained in the water. Areas of lime and 
calcareous soil have the lowest concentration of F" in the water. The

natural concentration of fluoride in water in the United States varies 
from 0.1 ppm (parts per million) in the northeastern states to above 1.0 

ppm in the midwestern states (1).
In Montana, the area east of the Continental Divide generally has 

more fluorine in their water systems than the area west of the Divide.
This is due to the source of the water and the kind of mineral soil It 

comes from. Hot springs, geysers, and fumaroles of the upper Yellowstone 
and upper Missouri River drainages are a significant source of fluorides 
west of the divide. Waters in Montana naturally contain between 0.2 to 

5.0 ppm of fluorides (3).
Virtually foods contain trace amounts of fluorides; but the total 

fluoride intake in any average human diet is low. In the U. S., the 
daily Intake of fluoride by an adult in an average general diet including 
F” in water is estimated to be 1.0 - 2.2 mg (4). Most plants absorb
between 0.1 and 10 ppm of F~ on a dry-weight basis. The F- concentration
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In the meat of herbivores and fish for human consumption is usually below 
10 ppm even when they are subjected to high F“ diets.

Fluoride dusts and gases are emitted into the atmosphere by many 

industrial operations. These include the grinding, drying, and audulatlon 
of Fluoride containing minerals, smelting and electrochemical reduction 

of metals with F” fluxes or melts, kiln-firing of brick and ceramic 

materials, melting of raw materials In glassmaking and the combustion

of coal.

In these industrial processes, fluorides are “s^ly given off in 
the form of hydrofluoric acid (HF), silicontetrafluoride (SiF^) or 

particulate matter. Observations on laboratory animals (5) indicate that 

direct inhalation of F, even from the ambient air around Industrial 
plants, does not contribute significantly to the total F“ accumulation 
in livestock. These emissions may contaminate the vegetation, soil, and 

water to varying degrees and, as a result, become incorporated into 
various foodstuffs and animal feeds. Gaseous fluorides are more toxic 
to vegetation than to animals. These fluoride gases are absorbed and 

translocated by the plants, with little lost from the plant once they 
have been incorporated causing a cumulative damaging effect. Particulate 
fluorides mostly accumulate on vegetation surfaces from which the majority 

can be washed off. Particulate fluorides are usually relatively inert 

and their toxicity is related to their solubility. In summary the F 
content of vegetation depends on the amount and kind of F~, the distance 
from the source, the type of vegetation and its growth rate, duration 
of exposure, distribution patterns affected by winds and many environ

mental factors (6).
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In the normal feeding of livestock, primary sources of dietary 

fluoride are the mineral supplements, especially phosphates. These 

products vary in F" content, depending on origin and manufacturing 

processes. The domestic feed phosphates originate from rock phosphate 
deposits having F“ levels ranging from 2Z to 5? F~. Fluoride must be 
removed from the phosphates in order to lower the F“ content below 1Z (7).

Since approximately 99Z of the F” retained in the body is stored 

in bone (6), animal by-products, such as bone meal, used as feed ingredients 
will vary in F- content of the bone increases in relation to the fluoride 

content of the diet. Bone normally contains less than 1,500 ppm F- 
thus contributing only minor amounts of fluoride to diets.

Several inorganic and organic F— compounds have been used as 
rodentlcides and pesticides. These include sodium fluoride, sodium 
fluorosilicate, sodium fluoroacetate or compound *1080’. Fluoride 

containing compounds have recently been replaced by organic phosphorous 

compounds, and thus constitute a very small portion of fluorides emitted

into the environment.
Fluoridation of water in the U. S. has been practiced since the 

1940’s to reduce the incidence of dental carles. Today most of the 
nation uses fluoridated water, either naturally or artificially added 
as NaF, Na fluorosilicate, and fluorisilicic acid. In temperate climates, 

chemicals are added to municipal water supplies to bring the total 

fluoride concentration to approximately 1.0 ppm. This has been shown 
to be the optimal concentration for reducing dental carles without 
causing mottling of tooth enamel (8). Nanda (9) has found dental fluorosis 

occurlng in children consuming drinking water with 0.4 to 0.8 ppm of F •
Thus in tropical climates, such as India, the optimal level of F“ i“ water 

should be around 0.2 ppm in order to be safe and useful in reducing

dental caries.
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Although water is the primary source of F~ In an average human 
diet, F“ can also be ingested from other artificial sources. Today 

it is frequently added to toothpastes, tooth powders, chewing gums, 

mouth washes, vitamin supplements, and mineral supplements.

SAMPLING OF FLUORIDES

Fluoride concentrations in the atmosphere are monitored by collecting 

samples directly from the air and by use of vegetation as parameters. 

Ambient air standards are set for airborne levels averaged over various
time intervals to account for fluctuation concentrations. Maximum

permlssable concentrations of ambient air in Montana are established

with both long and short time intervals. Total fluorides are measured 
by use of a continuous analyzer utilizing a colorometric determination 

of fluoride as HF. The State Ambient Air Quality for fluoride in the 
air is lppb (1 part per billion parts of air) over a 24 hour average (10) . 

Longer term gaseous fluorides are determined by exposure of a pre

treated filter paper in a protective housing for approximately 30 days.

The reaction products are then determined in the laboratory by Winter- 
Willard Distillation (11) and reported as micrograms per square centimeter 
per 28 days. The State Ambient Air Quality standard for gaseous fluoride 
is 0.3 micrograms per square centimeter per 28 days (10).

Fluoride concentration in a sensitive plant or in an animal's food 

may be a better indicator of potential damage than is the average 

concentration in the air surrounding the plant or animal. Setting 
standards for vegetation rather than ambient air will give us the accurate 

effects of F“ pollution, taking into account the important variables
of temperature, moisture, climate, distribution of pollutant and plant
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nutrition. In Montana, the limit of F” In forage is 35 ppm dry-weight 
basis (10). Forage is cut, dried, ashed, and subjected to Winter-Willard 

Distillation procedure (11) after which the concentration of fluoride 
is measured by an auto-analyzer of F- electrode.

EFFECTS ON VEGETATION
Plants receive fluoride from 3 sources in their immediate environ

ment} soil, water, and air. The soil and water both contribute F~ 
to the soil solution, which is relatively insignificant compared to 

the F” in the atmosphere. Phytotoxicity of fluoride usually is attribu
table to airborne forms such as HF, SiF^, NaF, and AlF^ (12).

Once F“ has entered a plant, it moves In the transpirational stream.

What fluoride there is taken up by the roots, passes thru the stem to 

accumulate In the foliar tissues (leaves) and ultimately In the apical 
or marginal portions of leaves. F” air pollutants enter the plant 

primarily through the leaves. Most of It apparently enters through the 
stomata, passes into the intercellular spaces, and is absorbed by the 
mesophyll (13). From the mesophyll the F" may move to other cells by 
simple diffusion or through vascular tissue. It moves with the transpiration 

stream toward the leaf tips and margins where it accumulates in concentration 
at least several times higher than the average concentration in the leaf 
as a whole (1A).

The fluoride in a leaf is permanently retained except for the F” 
containing dust settling on the outside surface. This particulate, 
whose toxicity is related to solubility, significantly adds to the F- 
content of the plant if not washed off.
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The accumulation of F” in the foliar tissues can be accompanied by 

observable effects depending on the relative susceptibility, stage of 
development of the plant, the environmental biological factors, the 
atmospheric cone. of p-, anj tjje <]uration and frequency of exposure.

The characterastic sympton of F~ injury on many broad and narrow 

plant species is necrosis (the death of portions of tissue), which occurs 

predominatly at the leaf tips and margins where fluoride has accumulated. 
A dull, gray-green water-soaked discoloration of tissues along the leaf 
tip and margin is the first sign of injury to appear on sensitive 

species. These gray-green titsues generally turn light to dark brown 
within a few days. Scattered intercostal lesions may be produced by 

high F“ concentrations being absorbed by leaves at a much faster rate

than it is translocated.

A narrow, sharply-defined reddish-brown band less than 1mm wide 
typically separates the necrotic tissue from healthy tissue (1). The 

necrotic tissue soon breaks loose along this band and drops off, so 

that unless subsequent markings develop, the only remaining sign of 

injury may be the irregularity of the leaf margins.
Fluoride injury symptoms on needles of pines and other conifers 

consist of necrosis which begin at the tip of the current year’s needles 

and progresses toward the base. Injured tissue first becomes pale- 

green and then turns reddish-brown. Needles are the most sensitive when 
they are elongating and emerging in the spring, and become progressively 
more resistant as the season progresses.

Solberg, et. al. (15) has conducted histological studies on the 
effect of F- on pine needles and observed that the tissue collapsed 

only a few cells in advance of the necrotic areas. Epidermis,
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hypodermis and xylem tissues were most resistant and parenchyma most 

sensitive. Phloem cells were the first to be Injured. Phloem and 
parenchyma enlarged greatly becoming extended and distorted. The 

protoplast then became granulated, vacuolated and finally collapsed.
These characteristics and a dark band like those appearing on leaves, 
were useful In distinguishing fluoride-induced needle necrosis from that 

caused by SOg and other pollutants.

Metabolic effects of plants exposed to high F“ concentration Include 
inhibition of many enzymes, alteration of glucose catabolic pathway, 

and possibly alteration of respiration. Changes of various metabolites 
such as amino acids, amides, free sugars, DMA. and RNA phosphorus, 

polysaccharides and others, have been found in plants fumigated with 
HP (16).

McNulty (17) has confirmed that F“ reduces the chlorophyll content 
of plant tissue. The mechanism of this is not dear but the presence 

of chlorosis may be regarded as a manifestation of altered structure and 

therefore function of chloroplasts.

Several of the conifers of importance to forestry, especially the 

pines and the firs, are highly susceptible to elevated atmospheric 
fluorides. This is of great concern in Montana, as the logging industry 

supports a major part of the economy of the state.
Most of the deciduous trees and shrubs are of intermediate

susceptibility. The majority of common vegetable crops and field crops, 
including forage are tolerant or only moderately susceptible. Corn and 
sorghum are exceptions, as they are considered susceptible. Almost all 
fruits and berries are very susceptible to high F“ concentrations, along 

with commercial flowering plants.
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With alfalfa and other forage crops, which are generally resistent 
to fluorides, the economic damage may result not froa damaging effects 

on growth or appearance, but from the accumulation of F” in its tissues.

These high levels of fluoride In forage are damaging when fed to animals 

who may develop dental or skeletal fluorosis.

EFFECTS ON ANIMALS
Fluoride emissions, due to industrial pollution has caused damage 

to cattle, sheep, horses, and various species of wildlife and insects.
Knowledge of the effects of F~ on livestock and wildlife has been received 
from field and experimental studies. Cattle have been the animal most 
often affected by fluoride pollution. Because of their high susceptibility, 
cattle are used in most studies and experiments. Utah State University (18-23) 

has conducted a series of experiments on the effects of contaminated 
forage and artificially added F~ on dairy cattle. With these results 
and others, the maximum amount tolerable in cattle has been established 

between 30-40 ppm in forage with only mild fluorotic effects.
In the field, livestock are exposed to fluorides from the air, 

ingested forage, feed supplements, and water supply. The inhalation of 

fluorides from the atmosphere contributes a negligible amount to the 
total F" intake of animals (6).

The major source of F~ in livestock from a pollution problem area 

is the ingestion of high fluoride vegetation. Most natural forage F 
content ranges from 5-10 ppm, where contaminated vegetation is considered 
anything above 20 ppm. The content of fluoride in forage crops from 
polluted areas is variable from season to season. In general, the F”
content is less during the early part of the summer, when forage is
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growing rapidly and rainfall is high and rises in the fall and to its 

peak during the winter.
Commercial feed supplements contain phosphates that may be suf

ficiently high in fluorides to Increase the F~ intake appreciably.

Cases of F~ toxicity have developed from the ingestion of mineral sup
plements with an excessive F“ content (24). In a study by Suttle (25), 

of 168 samples of dairy feed, 90% of them contained less than 30 ppm 

of fluoride although some samples had over 200 ppm. It is clear that 
the contributions of F“ from sources other than forage must be considered 
in evaluation field problems. Evidence of fluoride-induced changes in 
livestock cannot be assumed to be due to industrial pollution; additional 

feed supplements and environmental conditions must be looked at.
Effects on animals subjected to high levels of F- can be induced 

acutely or chronically. Acute fluoride toxicosis which is relatively 

rare, has resulted from the accidental ingestion of very high levels 
of F“ compounds. These compounds include sodium fluorosilicate used 
as rodentlcides, sodium fluoroaeetate or compound *1080* used for control 
of wolves, and many other F“ compounds used as pesticides (26). Various 

types of toxlloglc responses occur, with the amount of fluoride Ingested 

directing the rapidity of the symptoms. Hie following symptoms and 
changes are usually observed in cattle: excitement, high F” content of 
blood and urine, stiffness, loss of appetite, excessive salivation, nausea, 

vomiting, necrosis of mucosa in the digestive tract, severe depression 
and cardiac failure (22).

Chronic fluorisis is the type of fluorine toxicosis most often 
observed in livestock and wildlife, and the type we are concerned with
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in Montana. A complete understanding of its clinical manifestations is 

essential to make a correct diagnosis and accurate evaluation of the 

disease. Some of the symptoms of fluorosis may be confused with those of 

certain other toxicoses, defidences or chronic diseases.
It is difficult to determine at what concentration F“ Ingestion 

becomes harmful to an animal. Various factors that govern the level of 
fluorine toxicosis are 1) amount of F~ Ingested, 2) duration of ingestion, 

3) fluctuations In fluoride Intake with time, 4) solubility of F~ ingested, 
5) species of animal Involved, 6) age at time of ingestion, 7) general 

level of nutrition, 8) stress factors and 9) individual biological 

response (6).

No single criterion should be relied on for diagnosing and evalu
ating F— toxicosis. All clinical observations, autopsy findings, 
histopathoglc, radiographic and c emlcal evidence must be carefully

evaluated before a definite diagnosis and evaluation of fluoride
toxicosis is made. The following symptoms, lesions, and analytical

determinations are of importance: degree of dental fluorosis, degree
of osteofluorosls, intermlttant lameness, and the amount of F” in the 
bone, urine, and components of the diet.

Fluorine is incorporated into the tooth mineral as fluorapatite 
at time of calcification (1). It is only the developing teeth that are 

affected by excess F- intake. Teeth, once calcified and erupted, do 
not have an affinity for fluoride. Fluorotlc lesions in the teeth are 
among the most obvious symptoms of excessive F~ ingestion during the 
period of tooth formation. In cattle, this sensitive period for dental 
fluorosis extends from approximately 6 months to 3 years of age. Thus,
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animals not exposed to excessive fluoride ingestion until after 3 years, 
will develop only a slight mottling (spotting) of the enamel.

Fluorotic lesions of the incisor enamel are generally described as 

mottling, chalkiness, defective enamel, and defective calcification.

The matrix laid down by damaged ameloblasts and odontoblasts cannot accept 
minerals as does a normal matrix, which results in faulty mineralization (23) 

Oxidation of the organic material in the teeth results in characteristic 
brown or black discoloration which can be observed in varying degrees.

After a certain degree of change, the affected teeth are subject to more 
rapid abrasion and show erosion of the enamel and dentin. Standards for 

classifying degrees of dental fluorosis have been established on a 
scale from 0 to 5 with the latter representing the more severe damage (23).

Dental fluorosis in animals is usually diagnosed by examining the
incisor teeth. Premolar and molar teeth are more difficult to examine
because of the less accessible location, poor illumination, and discoloration 
resulting from factors other than fluoride.

Abrasion and pitting of enamel and dentin occur in the advancing 

cases of dental fluorosis until the majority of the teeth are worn down 
exposing underlying nerves. Mastication of food and drinking of cold

water are inhibited with the onset of the characteristics.
Dental lesions are useful in clinical diagnosis of chronic 

fluoride toxicosis, but should be correlated with other tissue changes 

and symptoms.
Sone has great affinity of fluoride and incorporates if into 

hydroxyapatite, forming fluorapatite. Fluorine accumulates in all calcified 

tissues and its concentration increases with the duration and rate of F“

CARROLL COLLEGE LIBRARY 
HELENA, MONTANA 59601
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Intake. Even at low levels of P“ Intake, appreciable levels of fluoride 
will in tine accumulate harmlessly in calcified tissues. For example, 
the fluoride content of bones from normal mature cattle fed on a normal 

diet, (3-5ppm F“) contained approximately lOOOppm F” on a dry fat-free 
basis (27). If high levels of fluoride are Ingested, structural changes 

and disorders of the bone become present.
In livestock, the first clinically palpable bone lesions usually 

occur on the metatarsals, metacarpals, mandible and ribs. The severity 
of osteofluorotic lesions appears related to the structure and function 
of various bones. This is exemplified by the more severe osteofluorotic 

lesions on metaphyseal areas of the metatarsal and metacarpal bones as 

compared with the less severe lesions appearing on the diaphyseal region 
of the same bones (19).

Bones that are severely affected by F~ appear chalky white, have 
a rough ended irregular periosteal surface, and are larger in diameter 

and heavier than normal. Types of bone changes, which depend on the 
level and duration of fluoride Ingested, are hardening of bones, forma
tion of abnormal spaces, enlargement of periosteum, softening of bones, 
and formation of bony outgrowths (28).

The impaired movement of animals that is characteristic of advanced 

cases of fluorine toxicosis is more frequently a general stiffness than 
a specific lameness. In some severe cases, animals become progressively 

worse and may eventually refuse to stand and walk on their knees. In 
very advanced conditions of fluorosis, there may be a spurring and 
bridging of joints that eventually leads to extreme rigidity of the 
limbs and spine. This stiffness and lameness condition inhibits 
animals eating and grazing patterns, thus reducing the feed Intake and
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affecting levels of economic performance. Stiffness and lameness are 

observed rather frequently in livestock, so without supporting evidence, 
they are inconclusive measures of fluorosis.

Urine fluoride analysis can be used as a diagnosis of the level of 
fluorine ingestion. The urinary F- level, however, is affected by a 

number of important variables including the duration of F- ingested, level 
of fluorine saturation of bone tissue, condition and age of animal, and 
total urinary output (19). Individual random sampling of urine has 

limited value for indicating the F- intake of the entire herd, while 

continuous sampling of a specific few animals is beneficial in determining 
the fluoride intake.

The ingestion of excessive amounts of fluorine by livestock results 
in the slightly increased concentrations of F- blood and soft tissues.

The slightly elevated levels appear to have no apparent damage except 

perhaps in abnormal kidneys (29). It is possible to measure blood- 
plasma fluoride with sufficient accuracy to correlate a change in blood- 
plasma F- with a change in fluoride intake. Plasma fluoride levels 
alone do not appear to be practical aids of monitoring fluorosis.

Milk production in dairy cattle is not directly affected by low 
to intermediate levels of F- (10-60 ppm). When fluoride levels are high 
enough to induce fluorosis, the decrease in milk production is attributable 

to alterations in metabolism or impairments of dental and skeletal 
structures, rather than interference with lactogenesis.

Levels of fluorine in milk increased slightly when the level of 
dietary F- was increased, but did not exceed 0.2 ppm even when cows



16

ingested forage of over lOOppm for extended periods of time (21). Within 

such levels of F- ingestion, the fluoride content of the milk was low 

and within safe levels for human consumption. Thus the mammary gland
serves a minor route for F- excretion.

Fluoride passes through the placenta in the transfer of F- from cow 
to calf. The amount of fluoride in the bone of the offspring could 
be correlated with the level of F- ingested by the dam and with the 

amount in her blood. Calves born from cows that had ingested high levels 
of fluoride performed normally when compared with calves born from cows 
that had Ingested low levels of F- (22).

On that basis of experimental data (23), it has been suggested 
that dairy and feed cattle can tolerate the ingestion of forage that 
averages 40ppm F- for a year and that the average should not exceed 80ppm
for one month. The fluoride concentration of the total ration will in

most cases be less than these values, because the animals will also be 
ingesting a feed supplement of a lower F- concentration.

Experimentally, certain dietary additives have been tested as a 
measure of alleviating fluoride toxicosis. Calcium carbonate and 
aluminum sulfate, when added dally in animal feed and fed to cattle 

along with contaminated forage, reduced the level of bone fluoride 
storage by 30-40% and decreased dental fluorosis (30). Fecal F- 

concentratlon was greater for cattle fed alleviators, which supports 
the hypothesis that calcium and aluminum salts alleviate fluorosis 
by converting soluble F- ions to CaFj and AIF^ in the Intestinal tract. 
With limited information available, no indication was found where 
ranchers in an area of endemic fluorosis have attempted to alleviate 
the situation by the addition of these compounds.
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Domestic animals can serve as a protective barrier for humans

Approximately 99% of fluoride retained In animals Is stored as bone, and

only slight Increases of F- In soft tissues and milk occur even at high 
levels of dietary P- Intake. Thus there Is little danger to humans 
from the domestic animals with fluorosis. Therefore, the major effect

on man due to fluorosis in his livestock Is not the transfer of fluorides
but the economic loss from malnourished and crippled animals
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FLUORIDE POLLUTION PROBLEM IN MONTANA

The second part of this literary research will cover specific sources 
and effects of industrial fluoride pollution In Montana. Industries 

contributing to the fluoride problem Include Anaconda Aluminum Company 
outside of Columbia Falls, Stauffer Chemical near Butte, and Rocky Mountain 

Phosphate Company at Garrison. Minor contributors of fluoride pollution 
are oil refineries near Billings and Laurel, and the coal-combustion power 

plants at Colstrip.

COLUMBIA FALLS

Anaconda Aluminum Company, located two miles east of Columbia Falls 

has been In operation since 1955. During the electrolytic reduction 
process of aluminum at the plant, gaseous and particulate fluorides are
emitted.

Alumina ore (AI2O3) is dissolved in a molten bath of cryolite 

contained in a steel crucible with a carbon lining, acting as the cathode. 

An electric current is then passed from a carbon block (anode) suspended 

above the bath through this bath to the cathode. The current reduces 
the alumina ore to molten aluminum metal and oxygen. The molten aluminum, 

which settles on the bottom of the pot Is withdrawn every 24 hours Into 

large crucibles and transferred to the cast house where It Is cast In 
the desired forms (31).

Raw materials for the process are alumina ore, cryolite, aluminum 
fluoride, coke, pitch, and electrical energy. The alumina ore, a refined 
form of bauxite, Is shipped from Jamaica to Columbia Falls via ship and
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rail. Cryolite, an artificially produced salt of sodium and aluminum 

(Na^AlFg), Is used for the cell electrolyte and as a solvent for alumina. 

Aluminum fluoride Is added In the cells to maintain optimum operating 

conditions. Alumina ore Is the primary source of aluminum for the process, 
although the cryolite and aluminum F” provide small amounts of aluminum. 

Metallurgical and petroleum cokes are mixed with pitch and processed Into 
anode and cathode pastes.

The Columbia Falls plant consists of 600 pots with the capacity of 
180,000 tons per year of aluminum metal or about 500 tons per day (32).

Hydrocarbons, carbon monoxide, gaseous and particulate fluorides, 
and other particulate matter are emitted during the electrolytic reaction. 

Total fluorides released from a cell amount to approximately 44 lbs./ 
cell/day (32). Of this total, approximately 90Z Is in the gaseous form.

An estimated 90Z of the pollutants, gaseous and particulates, Is captured 
by the primary cell ventrllatlon system. Significant emissions from 

the bath escape this air cleaning device and are vented into the cell 

room out of the building through roof openings.

Gases and particulate matter captured by each primary ventrllatlon 
system pass through a ’venturi’ scrubber, a packed bed scrubber, a multi

cyclone, and finally an after-burner. Each scrubber system serves 20 

cells. Water Is the scrubbing medium In both types of scrubbers. This 

water Is treated with lime to precipitate fluorides and control pH. 
Scrubbing water is clarified; the overflow Is recycled to the scrubbers, 
and the wet sludge, containing CaF2« is removed and disposed of. Dust 

collected In the multicyclones Is recycled to the electrolytic cells.
The after-burner Incinerate carbon monoxide and hydrocarbons in the vent 
gas stream (32).
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The Anaconda Aluminum plant consisted of two potlines with a total 

of 240 pots at the time It was built in 1955. The pollution control 
devices for airborne emissions were fans and raultidones for particulate 

collection and low efficiency wet scrubbers for gas collection. As early 
as 1957, foliage injury with symptoms of excessive accumulation of F~ 
was identified by the forest service in the vicinity of the aluminum plant.

During the year from June 1963 to June 1964, the Montana State 

Department of Health (33) conducted its first ambient air quality study 
of the Flathead Valley to determine the quality and types of specific 

air contaminants. Although many pollutant gases and particulate samples 
were established, fluoride levels were not among them. Any fluorides 

emitted by Anaconda Aluminum during this time could not be substantiated

due to lack of data.
In 1965, one additional potline was constructed to increase the total 

number of cells to 360. This line was equipped with the same pollution 
control systems as on existing lines. After two more lines (240 pots) 

were added in 1968, estimations of emissions from the total plant reached 
7500 lbs./day of gaseous and particulate fluorides (34). The pollution 

control devices were then operating at less than 75* efficiency. Fol

lowing the second expansion, dead and dying trees were observed over 
the entire west face of Teakettle Mountain, which is directly east of 

the aluminum plant. In other areas around Columbia Falls, including 
the southwestern part of Glacier National Park, which is 6 miles northeast 
of the plant, the vegetation also exhibited visible damage.

In the summer of 1970, Anaconda Aluminum installed a more efficient

collection and scrubbing system, with an estimated efficiency of 99Z,



21

to greatly reduce Its emissions of fluorides from 7500 lbs/day In 1969 

to 2,500 lbs/day (34). In May, 1970, the State Board of Health and 
Environmental Sciences adopted regulations restricting emissions of 

fluorides from aluminum plants, with an effective date of June 30, 1973 

for existing plants. The regulation allows a maximum fluoride emission 
of 0.060 lbs/hr/reduction cell or 864 lbs/day at the Anaconda Aluminum 

Plant (32). But the total P- emissions at the plant has never reached 
this limit, having Its lowest average of 1448 lbs/day during 1973 when 

the plant was operating below maximum production.
The major source of F- emissions, after the Improvement of the 

scrubbers In 1970, was found to be from the skirts and hoods collecting 
gases over the reduction cells (34). Sufficient amounts of F" gas 

escapes Into the potrooms and out through openings in the roof. Roof 
emissions may be controlled by wet scrubbers on the roof of the plant. 
However, these are not feasible for the Columbia Falls plant because of 

sub-freezing weather experienced many months of the year. Instead, foam 
scrubbing equipment, unaffected by low temperatures, may be efficient 

enough to meet Montana standards. This costly procedure is now being 
tested at Columbia Falls, with results unknown at this time.

Anaconda's compliance with Montana's air pollution control regu

lations Is only possible by closing the plant. The economic Impact of 

a closure far outweighs the F“ damage done to vegetation and animals of 

the surrounding area. Anaconda Aluminum Company was granted a variance 
in 1974 to enable the plant to operate while emitting fluorides over 
the state standard. Today the plant operates on a renewal of that 
variance, while research and experimental tests search for appropriate

equipment to reduce the F- emissions Into the environment
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During Che summer and fall of 1970, the Environmental Protection 

Agency (35) and the U. S. Forest Service (36) conducted studies on the 
effects of fluoride pollution in the Columbia Falls-Glacier National 

Park region. The two studies found basically the same distribution of 
fluorides in the area centering around Anaconda Aluminum. The EPA also 
developed a more extensive study of fluorides in the air, vegetation,

and wildlife.
Meterologlcal and air quality investigations were conducted by the 

EPA to establish the direction of wind and distribution of fluorides.

The prevailing upper-level winds in the Columbia Falls area during the 
summer are from the southwest. Daytime surface winds are generally from 

the southwest also, in up-valley flow; the direction tends to reverse 
to down-valley flow during the night. Fluorides in the air were measured 
by the use of sodium formate papers at approximately 40 locations in the 
study area. Indications of F~ pollution, when fluoride on papers 
exceeded the State standard of 0.321 ug/cm2/30 days, were recorded up 

to 12 miles northeast of the Aluminum plant (35).
The Forest Service and the EPA found very high F~ values, hundreds 

of parts per million, In foliage collected nearby Anaconda Aluminum.
Both investigations yielded excessive levels of F”, over lOppm, in 

vegetation representing an area of more than 300 square miles around 

the plant. The geographic patterns of location of samples showing 
excessive levels of fluoride accumulation were similar for both investi

gations. Visible injury and histological changes were reported in 
susceptible conifer needles with only moderate fluoride concentrations; 
this finding extends the range of F” damage far beyond the area exceeding

the State standards
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Native wild animals, Including mammals, birds, and insects, were 
collected from the study area and examined for F~ accumulation. Femur 
bones of over 650 mammals and birds were analyzed while Insects were 
oven-dried and analyzed in total. Excessive accumulations of fluorides, 

up to 30 times greater than concentrations in bones from control animals, 
were found in animals in the Columbia Falls-Glacier area. Of 10 deer

collected in the upper Teakettle Mountain area, most manifested tooth 
damage and marked osteofluorosis of the femur bone. These deer had an 

average fluoride content of 3394ppm, compared to controls from unpolluted 

areas with concentrations less than 200ppm. Among the Insects, pollinators, 
especially the Bumblebees, yielded levels of F" 20 times greater than
concentrations of controls.

Through these studies, progressive Increases of F" in the food chain 

were observed. Elevated levels of fluoride were found relatively higher 
in animals than those in forage from areas in which the animals fed.

In August 1971, the 0. S. Forest Service did a followup study (37) 

to compare F“ levels in vegetation to levels obtained from the 1970 
fluoride study. During the 1970 study. Anaconda Aluminum stated that 
their F“ emissions were reduced from 7,500 to 2,500 lbs/day. The area 

polluted by fluorides in 1971, containing over lOppra, was reduced by 
approximately 15Z. The average fluoride content in vegetation in 1971 

decreased approximately 50% from 1970. The reduction of emissions did 
decrease the distribution area and concentration of fluorides, but did 
not eliminate the air pollution problem in the Columbia Falls-Glacier 
area. This study concluded that if the plant could reduce F- emissions 
to the State standard of 864 lbs/day, fluorides may continue to cause 
damage to conifers and forage in Glacier Park.
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In a survey by Anaconda Aluminum during the years 1970-1973, pine 
and grass samples were collected at various distances from the plant.
The same collection sites were used from season to season over the four
year span of this study. The accumulating effects of F” during the 
course of one year was exemplified by the low fluoride levels In the 

spring, Increasing levels In the summer, and maximum levels In the fall. 
Although this survey shows a lowering of P" levels in vegetation over 
the 4 years, excessive levels (over lOppra) continue to occur within 

seven miles of the plant.

Since 1973, the Montana State Department of Health and Environmental 
Sciences have been monitoring specific problem areas, such as Columbia 
Falls, for their concentrations of F- in ambient air by calcium formate 
and sodium formate plates. These plates give us the average F” concentration 

absorbed over an interval of 30 days. Collection sites on Teakettle 
Mountain usually have the highest levels of fluoride with a peak of 28.000 
ug/cm^/30 days occuring In September of 1975 (38). Sites In Glacier 

National Park have P~ concentrations very close to the State standard 
of 0.321 ug/cm2/30 days, with maximum always below 1.0 and an average 

below 0.3. These formate plates can be an efficient way to monitor 

fluorides In the air but may fall short in judging the effects on plants
and animals.

Although Anaconda Aluminum Company has sufficiently reduced Its 
emissions and continues to search for better pollution control devices, 
the plant remains a major source of fluorides with damaging effects on 
the surrounding environment.
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SILVERBOW

Stauffer Chemical in Sllverbow, located five miles west of Butte, 
produces elemental phosphorus by means of the electric furnace reduction 

of phosphate rock. Fluorides are evolved from the manufacturing process 

during preliminary heat treatment of phosphate rock, during furnace 
reduction, and during the tapping of molten slag from the furnace. The 

facility, In operation since 1951, has had a history of damaging effects
of the environment.

Raw phosphate rock containing fluorapatite, a®~
glomerated by nodullzing at high temperature in a rotating kiln (39). 

Dust, containing fluorides Is emitted from this process. The nodulised 
material is cooled on conveyors and stored. Following storage, coke 
breeze, and siliceous flux (sand) are added, and the mix Is charged to 

the electric furnace. Submerged electric arcs in the furnace generate 
high temperatures, causing the reduction of phosphate rock with the 
vaporization of phosphorus, carbon monoxide, and lesser quantities of 
gaseous products, including fluorides. The furnace gases are passed 

through electrostatic precipitators containing sprays of water maintained 
at a temperature above the melting point of phosphorus (111°F). 

Phosphorus is condensed from the gas stream and collected below a water 
layer In a sump. After a final filtration, the phosphorous Is stored 
under water and shipped. Fluorides are absorbed In the scrubbing water 
and passed through a 'venturi'-type scrubber. Hie cooled gases, 

principally carbon monoxide, are eventually burned for the recovery of 
heat. Calcium, silicon, and other mineral constituents, Including CaF2, 
form a molten slag which Is drained periodically.
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There are three main sources of F~ evolution from the electric 
furnace process: 1) preliminary agglomeration of phosphate rock;
2) emission of gas from the furnace; and 3) emission of gas from the 

molten slag tapped from the furnace.

Hydrogen fluoride, silicontetrafluoride and particulates containing
fluorides are evolved in the primary heat treatment for agglomeration
of the phosphate rock. During this process, 10-20% of the total F~ in 

f '' ' . < ■ L'' * '
the phosphate rock is evolved, of which a substantial portion had been 

emitted directly into the atmosphere in the first years of operation. 
Today venturi-type scrubbers absorb about 99% of the gases.

When phosphate rock mix is charged in the two furnaces at Silverbow, 
about 10% of the total fluorides is volatilized and emerges with the 
furnace gas. Fluorides are absorbed by the scrubbing water and collected 

in the scrubbers as a solution of ^SiFg. Lime is added to the scrubbing 
water to neutralize the pH and precipitate out the fluoride.

The majority of the fluorine, up to 80%, remains in the slag. When 
molten slag is tapped from the furnace, fumes Including fluoride gas 

is evolved. Fumes from the tap-holes are covered by a water-cooled fan, 
scrubbed with water to remove F~ and exhausted into the atmosphere. 

Fluorides again are removed by scrubbers as a solution of ^SiFg.
The long history of complaints against the F- emissions of Stauffer 

Chemical started in 1956, when ranchers three miles west of the plant 
observed severe fluorosis in their dairy and beef cattle (40). Limited 
air pollution monitoring in the Silverbow area, initiated in 1957 by 
the Montana State Board of Health, found that the F- concentration in 
ambient air exceeded the maximum allowable concentration of lppb average 
in 24 hours (41).
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Daring the late I960’8 much opposition to Stauffer Chemical started 

In Ramsay, a small community located one mile from the plant. They 
complained about the smog, odor, and fall-out emitted from the company. 
Stauffer Chemical stated In 1969 that the plant was continually sampling 

H2S and S02 ambient levels and had not found any violations of state 

regulations.
In the early 1970's Stauffer was on the borderline for visual and 

particulate emissions and did not meet the maximum concentration for 
airborne fluorides. Corroded hoods and other Inadequate pollution 

control equipment were responsible for the elevated emissions. In 1972 
Stauffer, operating under a variance extension, Installed additional 

scrubbers, a ventilation system, and coke drier In an attempt to lower 
its F pollution.

van Rook (42) In October, 1972, studied extensively the concentration 

of vegetation and soils In the Silverbow area. Re used bluebunch wheat- 
grass, the predominant grass of the valley, and Rocky Mountain juniper 
as the subjects of his study, van Hook found wheatgrass with: F- con
centrations exceeding the State standard In an area up to 2 miles from 
the chemical plant, with Increasing concentration as distance from the 

plant decreased. The maximum concentration of the wheatgrass was above 
lOOppm In many samples. Rocky Mountain juniper, representing an accumu

lation of 7- over many years, yielded F- concentrations as high as 420 ppm, 
about 40 times greater than control values. The pattern of fluoride 

distribution found In juniper was similar to that in forage grasses. 
Localized high concentrations of F- In soil samples occured In the area 
of the chemical plant, but they did not display fluoride distribution 

patterns as clearly as the samples of vegetation. This difference is
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probably because of higher levels of fluoride naturally occuring in the 

soils caused by fluorspar (CaF2> deposits.
The collection period followed a 90-day labor strike which probably 

reduced the amount of F- emissions during that period. Therefore, the F" 

concentration and distribution is believed to be a very conservative 
evaluation of contamination of the Sllverbow area during the summer of 1972.

Montana State Department of Health has monitored F~ emissions in 
the Sllverbow vicinity since 1971 with the use of calcium formate and 
sodium formate plates (38,43). Stauffer has been in violation of the 
State standard of 0.321 ug/cm2/30 days during the majority of the period 

with values ranging from 8.030 to 0.050. Sample sites varied in distance 

up to 2 miles from company grounds.
Over the last few years, Stauffer has had a problem with erosion 

of scrubbers, spray towers, and other pollution control devices due to 
the corrosiveness of fluorides. Replacement of parts and better maintenance 

help alleviate this problem.
Studies by Stauffer and the State Department of Health have been 

developed to try to control the emissions from the tapping of the slag.
Gases escaping from thia process account for over 80% of the total fluorides 
emitted. If adequate hoods are developed and maintained, the amount of 
fluorides emitted into the atmosphere may approach the State standards, 

thus lowering the damaging effects on the surrounding community.

GARRISON
Since 1963, Rocky Mountain Phosphates, Inc. at Garrison has been 

involved in defluorination of phosphate rock to make a phosphate product 

suitable for an animal supplement. Phosphate rock used in this process



ordinarily contains 3.5 to 5Z fluoride. In the processing of phosphate 
rock for use as an animal feed, the F" content of the product must be 
reduced to at least 0.18X or 1800 ppm (44).

Two processes, the acid process and the alkali process, have been 

used at Rocky Mountain Phosphate in removing fluoride from phosphate 

rock. The original acid process involved adding phosphoric acid and 
sulfuric acid to ground rock in a mixing operation. Sulfur oxides, acid 
mists, and gaseous fluorides are released in this process. The resulting 
mix is passed through a high temperature, gas-fired kiln, where most of 

the remaining fluorides are released.
In 1965 the add process was converted to the alkali process with 

only the mixing operation changed. Ground rock, phosphoric acid, and 
soda ash are mixed to form a relatively dry mixture called ’add rock’. 

Little or no emissions are released in this mixing operation. The 

add rock must pass through a three inch screen, through a crusher reducing 
the particle size to 3/8 inch, and into a surge tank. Prom there a 

conveyor belt picks up the add rock and feeds it into the kiln, fluorides 
are released from the rock in this process (39).

As the rock leaves the kiln, it is cooled by a water spray. The 
spray also supplies the moisture in the kiln essentially to F" removal.

The cooled phosphate product is passed through a final crusher and stored 
in a hopper. The product, "Feed Phos", may be bagged for sale or sold 

in bulk. The exhaust gases leave the two kilns, pass through separate 
water scrubbers and blowers, and emitted out a common stack. The gases 
leaving the kiln contain water vapor, gaseous fluorides, particulates, 

and combustion products.

,-aorOI.L COLLEGE LIBRAR'T 
HELENA, MONTANA 59601
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The water scrubbers collect up to an estimated 99Z of the F“ from 

the exhaust gases. The water containing fluorides Is dumped Into a pond 
where It Is recirculated. In order for the scrubber to function properly, 
the F" content of the scrubbing water must be controlled by adding lime 
either at the pond or at the pump. Lime, CaO, causes the fluoride to 

precipitate as CaP2 within the pond. Approximately 2 lbs. of lime Is 
required for each lb. off absorbed (44).

Fluoride emissions are given off as particulate, hydrogen fluoride 
gas, and silicontetrafluoride gas. Particulates, containing 3.5 to 5Z F“» 
are released from the crushing and handling of phosphate rock, acid rock, 
and phosphate product. Gaseous pollutants, HF and SIF^, escape from the 

the plant processing equipment and the stack. The stack is the normal 
point of F“ discharge, where the fluoride content depends upon the ef

ficiency of the scrubbing equipment. Leaks at the bottom of the stack 

and In the piping from the kilns account for some F- emissions. The 
major source of gaseous F~ is from leakage at the end of the kilns where 

the gases are collected for transport to the scrubbing system. This 
emission contains completely unscrubbed gases having high concentrations 
of fluoride. There Is also some additional gaseous F~ emitted from the 

settling pond and open ditches between the stack and the pond.

In Its first days of operation In August of 1963 the plant had 
practically no air pollution control devices. Sulfur dioxide, acid 
mist, and gaseous and particulate fluorides were released directly Into 
the atmosphere. Vegetation damage and glass etching were soon apparent. 
Montana Board of Health analyzed grass samples from the vicinity of the 
plant prior to operation and found F- concentrations of less than lOppm. 
Very shortly after the plant began operation, the F~ content of the grass 
In the vicinity of the plant Increased to over 300ppm (44).
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In October of 1963, court action was brought by citizens of Garrison 

against Rocky Mountain Phosphate (RMP) for alleged nuisance and health 
effects caused by the emissions. This occurred after the Garrison 
Public School located 1/2 mile from the plant, had to be closed several 

times because of air pollution from the plant. During the first months 
of operation, RMP Installed spray towers In the kilns In an attempt to 

remove fluorides from exhaust gases. These appeared to be of little help 
in controlling emissions of fluoride gases and dust.

Purther complaints and court action Increased against RMP, Inc. 
until a court order closed the plant In June of 1964. BMP denied the 

accusations and the plant was reopened a few days later. Again In July 
1964 the State Board of Health ordered the plant closed as a health 
menace. Again the plant was reopened a few days later by a petition 
of RMP (44).

In August 1964, a stack test was conducted at RMP by the Public

Health Service and the Montana State Board of Health, The results
Indicated that the pollution control equipment was Ineffective in removing 

fluorides from the stack gases.
In October, 1964, the first case of cattle fluorosis In the Garrison 

area was reported at the Glllman Ranch located 2 1/2 miles from Garrison. 

Drs. Metcalf D.V.M. and Biasonette D.V.M. examined a very lame Holstein 

milk cow for bone and dental lesions and made a definite diagnosis of
clinical fluorosis. The two veterinarians then examined all the cattle
In the Garrison area and found extensive dental lesions of fluorosis and
lameness In cattle In a 7 to 15 mile radius (45). Rocky Mountain Phosphate 
was established as the cause of this serious problem of poisoning after 
only 14 months of operation.
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Grass samples taken 5 miles west of the plant in September 1964, 
contained 270ppm, almost 8 times the maximum permissable amount. Hay 

samples, 6 miles from BMP showed 150ppm. This hay was harvested in 
July of 1964 when the phosphate plant had been operating less than 
1 year (45).

In December of 1964 the State Board of Health ordered the plant 
to cease operation until the court order of June, 1964 had been complied 

with. Five days later the plant officials stated compliance with all 

court orders. From December 1964 to April 1965, a trial was held before 
Judge Jack Green at Deer Lodge. Suit was brought by the State Board of 
Health and Garrison citizens on a contempt charge and charges that the 

contempt and health hazard charges be disallowed, and the nuisance 
charge upheld. The plant was ordered to be shut down for a few days for 
sampling but then continued processing phosphate (44).

On May 5, 1965, local ranchers brought suit to close the plant 
and collect damages suffered by their fluorotic cattle herds. A year 

later the court rules in favor of the plaintiffs in this case and awarded 
$123,000 in damages.

During 1965 the plant changes its defluorinatlng process from acid 
to alkali in an effort to reduce its F“ emissions. This new defluorinatlng 

process failed to eliminate the extreme problem of F~ lost to the atmosphere 
In February of 1966 two commercial scrubbers were Installed at BMP designed 
to eliminate 981 of F- from stack gases, lowering the output of stacks 
from 200 lbs./day to 60 lbs./day.

Later in that year, the commercial scrubbers became severly corroded
due to pump failure and loss of cooling water and were replaced by 2
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’plane designed’ scrubbers of similar structure. An inspection in 1967 

revealed that the two scrubbers, installed 6 months before, were severely 
corroded, leaking gas from several holes.

Extensive grass samples were taken monthly during the period from 
April 1965 to June of 1967 In the surrounding area around Garrison (44). 

Sampling stations were set up in all directions and varying distances 
from BMP. Concentrations of fluorides over the State standard of 35 ppm 
were found 2 miles north and 2 miles east of the plant In December of 1965. 
In February of 1967 the area of elevated F“ concentrations spread throughout 

the Deer Lodge Valley extending 11 miles east toward Helena, 12-15 miles 
west toward Missoula and 20 miles south through Deer Lodge (44). Highest 

values of F* were over 2000 ppm in vegetation 1 mile east of the phosphate 

plant.
Evergreen foliage sampled in 1967 contained elevated levels of F~. 

Ponderosa Pine and Douglas Fir were experiencing tip burn In their needles. 
Values of F* ranged from 80 ppm 5 miles NW of Garrison to 760 ppm 1 mile

east of Garrison.

Water samples collected In 1965 and 1967 did not reveal any elevated 

values. Concentrations ranged from 12 to 1.4 ppm in samples 1 to 10
miles from Garrison.

In January 1970, Rocky Mountain Phosphate was closed by a court 
order. It was reopened later by a variance from the State Department 
of Health allowing BMP to continue to operate If F~ emission controls 
were improved. During 1970 BMP replaced corroded scrubbers, hoods, and 
spray towers and increased maintenance on all pollution-control equipment.
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With these Improvements BMP stated that the plant was operating at 99.9% 7** 

emission control, emitting 20 to 30 lbs/day of F“ from the stack.

In the fall of 1971 and 1972, Kay (46) Investigated the fluoride 

concentrations of plants and animals from the Garrison area in order to
determine the effectiveness of 7“ emission controls at BMP.

Samples of vegetation, Including forage, shrubs, deciduous leaves 
and evergreen needles, taken in 1971 exceeded the State standard of 35 ppm 
within two miles southeast of the plant, establishing the usual air flow, 
and within one mile In all other directions. The area of high F“ level 

vegetation was extremely decreased from the polluted area measured In 
1967. In 1972 there was a significant Increase In fluorlcity In all 

areas sampled compared to the previous year. The area of vegetation with 
high F content was within three miles in a southeast direction and 
within 1.5 miles In most other directions. The Increase of contaminated

vegetation was not due to an Increase of phosphate production, as the 
yearly production total In 1972 was slightly less than that In 1971.

The phosphate ore processed in 1971 was all from Florida, where In 1972 

approximately 50% of the ore was from Florida and 50% was local Montana 
ore. The fact that F~ content of Montana phosphate ore Is much greater 
than the Florida ore, may explain the increased fluoride pollution In 
Garrison (46).

Animals included In the study were mostly rodents and hence 

herbivores. A decrease In F“ concentrations In the animals with increasing

distance from RMP Implies that F~ concentrations In animals are dependent 
upon concentrations in vegetation. The elevated concentrations of F" In 
these animals (500-3000 ppm) further support that the Garrison area is
fluorotlc.
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Since 1971, Montana State Department of Health has monitored F* 
emissions at BMP (38, 43). Using calcium formate and sodium formate 

plates In their determinations, elevated levels of fluoride above State 

standards were recorded during each year. There was a substantial Increase
In values In 1973 from those In 1971 and 1972. This Increase was 
probably due to the Increase In production rates of phosphate from 12,000 

and 11,000 tons of 1971 and 1972 to 14,000 tons In 1973.

Since 1973, the concentrations on the formate plates have generally 
decreased. Production rates for 1974 and 1975 were not available, so
that the cause of decreased emissions cannot be correlated to either

production decreases or Improvement of emission controls.
Based upon results of studies done In the past five years, it Is 

concluded that the pollution control equipment and operational practices 
at BMP have failed to reduce the emission of fluorides from exceeding 

Montana State standards. Either BMP may not have found and controlled 
all the sources of F- emission or their pollution control devices are 

not sufficient.

BILLINGS-LAUREL
Hydrogen fluoride or boron trifluoride is widely used by the 

petroleum Industry as an alkylation catalyst for producing high-octane 

gasolines. Volatile fluorides may be released to the atmosphere during 
loading and unloading operations and during disposal of wate products (1).

Since 1973 fluorides In the air, measured by formate plates, have 

studied in the Billings and Laurel areas. Areas were established Billings 
and Laurel where violations of the State standard of 0.321 ug/cm^/30 days 

occurred. In Billings, an area of violation 5 miles wide and 10 miles
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long was located downwind from the Continental Oil Refinery. In Laurel, 

an area of 3 by 4 miles downwind from another oil refinery, was 
exceeding the State standard (47, 38).

Distribution of fluoride In grasses In the Billings area Is roughly 
equivalent to the area exposed to high concentrations of airborne fluoride. 
Distribution of F" in grasses in the Laurel area are similar also to the 
of high levels of airborne fluorides.

No visible symptoms of fluorosis in animals of the two areas have 
been reported. Both areas do have the potential for damaging plants and

animals due to an accumulation of fluorides.

COLSTRIP
Samples of coal from eastern Montana have been analyzed and found 

to contain 10 to 200 ppm F“ with an average about 40 ppm (48). This 

fluoride usually exists as fluorapatite or fluorspar. During combustion, 
almost all of this fluorine In the coal is evolved as HP and SIP4 gases 
and particulate matter.

Colstrip is the site of a large coal-burning electric-power plant.

At this Montana Power complex, electrostatic precipitators are used to 

remove particulate matter from the combustion products. Water scrubbers 

remove the fluoride from the exhaust gases. At the present time these 
air pollution devices are adequate In removing fluorides from the combustion 

products. State Department of Health has monitored various sample sites 
around Colstrip with the use of calcium formate and sodium formate plates 
since 1973. Results from these plates reveal that the fluoride concen
trations are far below the State standard. At this time the Colstrip 
power plant does not have any damaging effects on the environment, but

may become a threat in the future when the plant Is in full production.
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The emissions of sulfur dioxide from power planes, such as Colstrip, 
are of more concern than fluorides because of the high sulfur content 

in coal. The level of SO2 emitted at Colstrip Is also minimal at this

time
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CONCLUSION

This literary research has covered the properties, sources, and 
effects of fluoride as a natural occurring element and as a severe 

pollutant.
Today, the emission of fluorides In Montana remains at excessive 

levels where it Is detrimental to surrounding vegetation and animal life. 
Industrial plants at Columbia Falls, Garrison, Silverbow, Billings, 

and Laurel are all exceeding State standards. Due to the economic 
welfare of the communities, these plants will continue to evolve fluorides 

In the atmosphere until present pollution control methods are enforced 
and new techniques developed.

Man’s relationship with industry can be a crucial factor upsetting 

the vital balance of nature. Through research and Involvement, industry 

may be able to coincide with nature In a symbiotic manner In order that

neither exists at the expense of the other
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