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Fluoride, in one or more of its several forms emitted from 
industrial processes, is one of the most potent phytotoxic air pollu-
tants known. Historical records indicate that this pollutant, which 
originates as elemental fluorine in various minerals of the earth's 
crust, has been an air pollutant since the first volcanic eruptions. 
Fortunately, fluoride damage is not widespread due to the relatively 
few industrial processes involved in its emission and the wide scatter-
ing of those that do emit some form of fluoride. The most severe 
damage due to fluoride occurs close to its souroe, often with 
complete loss of species, larger groups of plants, or even· entire 
plant communities when exposure has occurred continuously at high 
levels for long periods of time. This pollutant should be considered 
as causing local severe problem~ but of little significance to vegetation 
growing at a great distance from a point source. 
Fluoride sources_ and Forms: Most industrial process.es that make 
use of the fluorine-containing minerals of the earths' crust will 
emit some form of fluoride,especially those utilizing heating, crushing. 
or treatment with strong acids of such raw material. Minerals containing 
high fluoride include fluorspars, cryolite, phosphate rock, and silicon 
tetrafluoride types of sand. The major industrial sources of fluoride 
in the United States include smelting of ores such as those containing 
Alumina; brick, tile, and glass manufacture; phosphate fertilizer 
pioduction; and the processes involved in steel manufacture. Another 
major source is the combustion of coal in fossil-fuel-consuming power 
stations. 

Of the several forms of fluoride emitted, the gaseous form (HF, 
hydrogen fluoride) is by far the most phytotoxic. Particulate fluoride 
is somewhat phytotoxic when wetted after deposition on a leaf surface. 
Most damage occurs through leaf uptake but some root uptake (i.e. 
following deposition on the soil surface) and resultant damage has 
been demonstrated to occur. 
Symptoms: Fluoride damage is usually very distinctive and since 
damage is usually associated with a nearby point source, diagnosis 
is relatively easy. Chronic symptoms initially appear as yellowing 
between the veins on hardwoods (Figure 1) and as yellowing of needle 
tips on conifers. Chronic symptoms, however, usually do not remain 
long and are almost consistantly followed by necrosis of tissues. 
Since fluoride is soluble and therefore easily translocatable, the 



Figure 1. Red oak leaf exhibiting 
chronic injury due to fluoride. 
Note light colored areas located 
between the veins; these areas 
would be light green or yellow 
in color. 
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Figure 2. Acute injury to sugar maple 
leaves near a source of fluoride air 
pollution. Light colored margins are 
light brown in color indicating 
necrosis and non-reversible injury. 

most severe damage occurs on the leaf margins which become yellow, light brown, 
darker brown and finally brittle and tattered on broad leaves (Figure 2) or 
reddish brown and brittle in the case of conifers. Acute fumigations are 
followed by dieback of limbs and eventual tree death. 
Diagnostic methods and mimmicking symptoms: With this particular pollutant 
it is usually easy to establish a cause and effect relationship for reasons 
already stated. Chemical, as well as several other methods of assay may be 
used to determine if abnormal levels of fluoride are present in tissues. 
Several specific plants are sensitive to fluorides and may be planted near 
a suspected source as part of an analysis system. 

Caution must be used in preparing a diagnosis since many other causes 
of plant stress induce symptoms very much like those of fluoride. Among these 
are salt damage, drought, winter injury, and excessive heat. However, these 
occur in such a manner as to cause symptoms on a variety of plants over a 
fairly large area. Therefore, an observer should thoroughly check larger 
areas and areas away from a source to be certain that an air pollution problem exists. 
Control or reduction of loss: Actually, very little can be done except proper 
fertilization to alleviate injury once symptoms appear. Repeated exposures. 
to fluoride will lead to tree decline and once past a point of severe branch 
and large limb death, trees should be harvested if economically feasible. 
A list of plants sensitive to ozone may be found in Publication 568, Extension 
Division, Virginia Polytechnic Institute and State University, "Diagnosis 
of Air Pollution Injury to Plants." 
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