








fluoride sensitive plant species, derived from the compilation of
Treshow and Pack (1970).

Injured areas on the leaves are the result of the gradual
accumulation of fluorides to toxic concentrations in the tissue.
If the concentration of the atmospheric fluorides is extremely high,
~fluoride may be taken into the leaf faster than it can be translocated
to the leaf margin. 1In this instance, fluorides will accumulate rapidly
in the central portions of the leaf with the subsequent development of
interveinal areas of necrotic and chlorotic tissues. Needle necrosis
in conifers has been discussed previously. In rare instances, a band
of necrotic tissue will appear along the length of the needle. This
banding is followed by the death of that portion of the needle distal
to the band. There is frequently a sharp line‘of demarcation between
healthy and necrotic tissue on broad leafed plants injured by fluoride.
This line is an abscission layer which has been formed by cellular dif-
ferentiation of the leaf mesophyll. The necrotic tissue outside this
abscission layer will often drop off leaving the leaf with an irregu-
larly shaped margin as the only indication of fluoride injury. The
margin of the necrotic area may at times be characterized by the accu-
mulation of red-brown resins or tannins. When the exposure to fluorides
are intermittent, these zones of materials will be formed in succession
giving a banded, stratified effect to the necrotic areas.

While foliar symptoms are characteristic of fluoride injury,
they are not specific and can be mimicked by injury produced by other

agents. This is pérticularly true of needle tip burn of conifers which
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can be produced by ozone, sulfur dioxide and moisture stress. On

broad leafed species injury produced by chlorides, moisture stress

and low temperatures will often resemble fluoride injury. The accu-
rate diagnosis of fluoride injury requires a degree of familiarity

with the symptoms produced by fluorides, the relative sensitivity of
the plant species at the site, and an understanding of the local biotic
and abiotic agents which may be affecting the vegetation being examined.
In cases like this, foliar analysis of fluorides can often be a useful
aid in the diagnosis. While such analysis can indicate the current
level of fluoride in the tissue, the results must be compared with
foliar fluoride levels on the same site prior to exposure or with
fluoride levels at comparable control sites.

The impact of fluorides on vegetation is known to be condi-
tioned by environmental and physiological variables. It is generally
assumed that immature leaf tissues are most susceptible to fluoride.
This has been observed in Ponderosa pine by Adams (1956) where the
needles emerged from the fasicles were shown to be more sensitive than
the mature needles. It is difficult to build a strong association be-
tween tissue age and sensitivity, since the accumulation of fluoride
is often such a gradual process that foliar tissues frequently reach
maturity before developing symptoms. The accumulatioﬁ of fluorides
is also influenced by environmental factors. Laboratory exposures by
Daines et al.(1952) and Zimmerman and Hitchcock (1956) have indicated

that plants experiencing a moisture stress will not be injured as

severely as plants which are well watered when exposed. In the field,
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however, Treshow and Pack (1970) observed that those sensitive species
growing under adverse edaphic conditions are consistently more severely
injured than are plants growing under optimum conditions. The roles of
other environmental factors, including other air pollutants, in condi-
tioning a plant's response to fluoride have not been examined to any
extent.

Subtle effects produced by fluoride, growth or yield reductions

without the production of visible symptoms, have been examined. Re-
duced growth, leaf size and yields have been reported. by Brewer and
Chapman (1959) for some citrus species. Studies by Hill et al. (1958)
and Applegate and Adams (1960) have shown that without symptom produc-
tion, tomato and bush beans show no changes in growth and productivity.
In some studies, fluorides have been observed to stimulate growth.
This stimulatory response has been observed in Douglas fir needles and
shoots by Treshow et al. (1967); in bean internode elongation by Adams
and Sulzbach (1961) and in the growth of alfalfa by Treshow and Harner
(1968) .

These responses represent the findings of a variety of experi-
mental procedures employing different pollutant concentrations, exposure
times, plant materials and exposure environments. These draw attention
to the range of effects which fluorides can produce on vegetation. How-
ever, the importance and relationship of these effects to the responses

of vegetation exposed to fluoride in the field is still unclear.




4.5. Effects of fluorides on forest ecosystems.

According to Carlson and Dewey (1971), the U. S. Forest Service
initiated a study in 1969 to determine: 1) the major cause of vegeta-
tional injury and damage on forest lands proximal to the Anaconda Alumi-
num Company at Columbia Falls, Montana, 2) the source of the éause, 3)

the area affected, 4) whether insects were accumulating fluorides, the

'suspected pollutant, and 5) if insect populations were being affected

by fluorides.

Figure 4.5-1 shows the location of the Anaconda Aluminum Company
reduction plant, 2 miles east of Columbia Falls, Montana and the sampling
radii and plot locations. Teﬁ radii, numbered consecutively 1 to 10,
were established extending from the aluminum plant into the adjacent
forested lands. The direction of each radius was based on the criteria:
1) it must transect National forest land, and 2) it should follow sus-
pected wind channels. On each radius, basic plots 1/100 acre in size
(6.6 ft. wide by 66 ft. long, oriented longitudinally) were established
at 1/4, 1/2, 1, 2, 4, 6 and 8 miles from the plant. Since radii 4, 5
and 6 (Figure 4.5-1) intercepted Glacier National Park, additional plots
were established at 10, 12 and 14 miles on radii 4 and 5 and at 14 miles
on radius 6 to sample vegetation.

Topography of the study area varied from 3100 ft. (mean sea
level) at the Anaconda plant, rising abruptly to 5936 ft. immediately
east of the plant,to 8000 - 9000 ft. at the highest mountain peaks. Be-

cause of the variable topography, a number of different habitat types

are represented. The more common are: Pseudotsuga menziesii, Abies

lasiocarpa and Pinus albicaulis. A large variety of fauna, from grizzly




Figure 4.5-1. Fluoride study area. Note loca-
tion of Columbia Falls, Anaconda Aluminum Company
(BAC), Teakettle and Columbia Mountains, Glacier
National Park, Apgar Mountains, Belton Hills and
Lake McDonald. Note also sampliné radii and plot
locations (ovals).

From Carlson and Dewey (1971).
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bear and elk to small rodents, proliferate in the area (Carlson and
Dewey, 1971).

According to Carlson and Dewey (1971), during 1969 and early
1970, the Anaconda Company reported that fluorides were emitted at a
rate of nearly 7600 1lbs. per day but were reduced to about 5000 1lbs.

by September, 1970. By early May 1971 emissions were reported to be
reduced to 2500 1lbs. per day.

The following parameters were used in the evaluation of the
pollution problem: 1) foliar fluoride content, 2) evaluation of the
gross amount of foliar injury during a given year, and 3) possible
relationship between injury index and foliar fluoride content.

The concept of injury index (I.I.) was developed after the
field data were collected. P equals proportion of different needles
showing fluoride burn symptoms for a given sample and R equals the
ratio of length of burn on burned needles of the same sample. The
product of PR would then be an estimate of the gross amount burned
for foliage of a given year. A similar value can be computed for
broadleafed plants.

Figure 4.5-2 depicts the extent of pollution. From the graphs
of all radial profiles and vegetation sample data, distances at which
average vegetational fluoride concentration equalled the arbitrarily
established levels of 10, 15, 20, 30, 60, 100, 300 and 600 ppm were
interpreted. These distances were plotted on the radii, and then
equal pollution (fluoride concentration) levels were connected by

lines and these lines of equal pollution were termed "isopols".
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"Figure 4.5-2. Isopols of fluoride pollution at
Columbia Falls, Montana. 69,120 acres are in-
cluded within the 30 isopol.

From Carlson and Dewey (1971).
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Carlson and Dewey (1971) observed a constant increase in
scale insects on lodgepole pine with increasing fluoride concentra-
tions. This is depicted in Figure 4.5-3. Lodgepole pine that had
scale counts exceeding 50 per 600 needles contained 23 to 401 ppm
fluoride (average 133 ppm) in all vegetation, compared to a range
of 6 to 160 ppm fluoride (average 35 ppm) for pines with less than
50 scales per 600 needles. A similarity in these patterns was also
observed for ponderosa pine.

Histological and chemical analyses showed that vegetational
injury was definitely associated with fluoride as a major factor.
High injury indices were always associated with values of fluoride
concentration above 100 ppm. The most serious vegetational injury
occurred within the 60 ppm isopol (ref. Figure 4.5-2). A positive
correlation was obtained between foliar fluoride level and injury
index.

Apparent differences existed in species susceptibility to
fluoride injury. Of the conifers, white pines were most susceptible
followed by ponderosa pine, lodgepole pine and Douglas-fixr, respec-
tively. Spruces, western red cedar and subalpine fir most tolerant.
0f the shrubs, chokeberry and serviceberry showed symptoms of fluoride
injury quite readily while buffalo berry was the most tolerant. Lily
of the valley and disporum were highly sensitive compared to other
forbs. These classifications are based on field data and observa-
tiqns only.

According to the aforementioned authors, ecologically, western

‘

white pine is regarded as a seral or temporary species in the trend




. Figure 4.5-3. Relationship between the number

pine needle scales/600 needles to fluoride con-
tent, ppm. Lodgepole pine.

From Carlson and Dewey (1971).
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towards a climax community. This species occurs on the east side

of the Teakettle Mountain (ref. Figure 4.5-1) as an integral part
of the forest community. However, due to severe fluoride injury,
this species is dying or dead. This unnatural selection is con-
sidered to hasten the trends towards climax. The same sort of
rationale may be valid for lodgepole pine.

According to the authors, previous research has shown that
livestock will develop fluorosis if feeding is done on vegetation
containing more than 35 ppm fluoride. The area with the 30 isopols
(refer to Figure 4.5-2) contains several thousand acres of grazing
lands that should not be utiliéed. The United States Forest Serxrvice
is continuing to study this pollution problem.

4.6 Fluorides - vegetational injury evaluation techniques.

Almost all the criteria discussed for SO.,, apply for fluorides.
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Therefore, the reader is referred to Section 2.7 of this report for
details. In addition, Sections 4.4 and 4.5 should be consulted for
fluoride sensitive biological indicators and for some field techniques
respectively.

Foliar fluoride analysis and soil available fluoride analysis
procedures are included in the Appendix of this report.

As for ambient air monitoring of fluorides, for a lohg time
bubbler trains have been used for trapping the particulate and gaseous
fluorides from the atmosphere. 1In the last few years, double tape
samplers have been available. These are capable of trapping both types
of’fluorides as separate fractions. The tapes are analyzed in the

1

laboratory using appropriate extraction procedures and quantification




methods such as the specific ion electrode. Recently, an all auto-

mated ambient fluoride monitor has been developed. This unit, how-

ever, is largely untested in the United States.




