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EDITORIAL

FLUORIDE IN SOIL

The fluoride content of soil is of considerable importance in
the assessment of the biological role of the halogen. To a large ex-
tent soil fluoride determines its levels in water, vegetation, domes-
tic and wild animals, and indirectly in humans, whose food is derived
from the above sources. It is, therefore, not surprising that biolo-
gists have devoted considerable attention to the determination of
fluoride in soil.

Data on the fluoride content of soil have shown variaticns
ranging as widely as from near 0 up to 184,000 ppm. The latter value
was recorded near a fluorspar mine in Great Britain (1). In an en-
demic fluorosis area of India Jolly et al. reported an average of
241.2 ppm (2). The overflow of a pond collecting the waste water from
a phosphate fertilizer factory resulted in the accumulation of 93 to
384 ppm fluoride in the surrounding acreage (3). Hani observed fluo-
ride levels of the order of 0.096 ppm in acid soil and 0.33 in limed
soil at Liebefeld near Bern, Switzerland (this issue page 20).

Treatment by fluoride-bearing phosphate fertilizers and pollu-
tion from industrial sources account to a large extent for such wide
fluctuations. Another major source which is not man-made is volcanic
eruptions (4). Fertilization adds from 8 to 20 kg/ha/year to soil (5).
Macuch et al. observed fluoride depositions of an average of 10.7
kg/ha/year near a Czechoslovakian aluminum factory (6).

The surface of soil undergoes a constant purification process
which is largely dependent on weather conditions, mainly on the de-
gree of precipitation, i.e. duration and intensity of a dry or rainy
season (6). Seepage into deeper layers and run-off with surface wa-
ter produce major changes in the fluoride profile of soil which, ac-
cording to Oelschlager, amounts to some 62 of the yearly fluoride in-
crement deposited by fluoride-containing phosphate fertilizers (5).
Intensity and direction of prevailing winds, the topography of the
land and the presence of vegetation also influence the deposition of
fluoride on soil.

Robinson and Edgington noted greater fluoride accumulation in
soil with increasing depth (7). At the surface they found 200 ppm and
at a depth of 9 to 14 cm 1300 ppm. This trend is reversed in a pol-
luted area. For instance, near a Scottish aluminum smelter 1010 ppm
was recorded at the surface (up to a depth of 1 inch) in contrast to
161 ppm at a depth of 11 to 15 inches (8).

The current study by Hani shows that fluoride concentrates in
colloidal material which explains why clay is much richer in fluoride
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than sandy soils. In a New Jersey agricultural soil, Bear (9) found
up to 409 ppm in clay as contrasted to 25 ppm in sandy soil. His mean
of 188 ppm fluoride in 16 soils was higher than that of all other
trace elements with the exception of manganese.

Near an Ohio aluminum smelter soil assays by McClenahen (10),
sponsored by the aluminum corporation,revealed fluoride levels of the
order of 304 + 48 to 379 + 92 ppm. He confirmed that greater accumu-
lation takes place at the surface than in layers up to 30 cm deep. He
selected the 14 test sites according to the amount of fluoride present
in pasture grass and hay.

In carrying out soil tests for fluoride the selection of the
test sites and conditions at the time of sampling are the key to the
proper assessment for comparative studies (11). The distance from
the contaminated source and the direction of prevailing winds are ma-
jor considerations. Van Hook found a range of 415 to 1840 ppm fluo-
ride within 1 mile of a Montana chemical factory and from 265 to 830
within 4 miles (12). At a distance of seven miles downwind of an alum-
inum smelter at Fort Williams, Scotland, the soil concentration of fluo-
ride was still four times that of normal controls, whereas at three
miles in the opposite direction it approached the control levels (8).

A detailed description of the topography of the area is also
required. In low land surrounded by protective hills, less contamina-
tion can be expected than in mountainous regions; however, the chance
of surface washout is greater on hills and mountains than in valleys.
Also important is the kind and extent of vegetation, since trees,
shrubs, and grass surrounding a test site attract gaseous and partic-
ulate fluorides and act as a sink, protecting nearby soil from con-
tamination.

Weather conditions can alter the fluoride levels in soil con-
siderably. 1If, for instance, there is heavy precipitation shortly be-
fore sampling the values of fluoride in the soil will be lower than on
dry days. Obviously the extent of activity of the industrial source
immediately prior to sampling must also be taken into account.

As already indicated, data on the total composition of the
soil are significant since the uptake of fluoride in plants is deter-
mined markedly by the amount and kind of other minerals present. The
acidity of the soil and, particularly, its content of calcium and
aluminum to which fluoride has a strong affinity affects its biologi-
cal action on plants as demonstrated by Hani. High levels of boron in
the soil account for greater fluoride uptake (13).

In relating fluoride in soil to its uptake in plants,Johnson
pointed out that the amount of fluoride in soil does not parallel

Volume 11 Number 1
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Editorial 3

that taken up by plants, although he observed a direct correlation of
the water-soluble fluoride in the soil to fluoride in plants (1).

It is, therefore, clear that soil assays for fluoride are of

limited value unless all supplementary factors are taken into account.

10.

11.

12.

13.
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questions arise:

INCORPORATION OF A DIETARY FLUORIDE SUPPLEMENT INTO
BONES AND DEVELOPING TEETH OF THE PIG

by

R.L. Speirs
London, England

SUMMARY: The aim of this study was to determine (a)

the stage in the development of enamel at which fluo-
ride is incorporated most readily and (b) the avail-

ability of fluoride when added to water or milk for

deposition into mineralized tissue. The dentition

of the young domestic pig provides a spectrum of

phases of enamel formation. It is possible to supple-
ment the diet with fluoride for a short period after

which one can relate the amount of fluoride taken up

by enamel during this period to the stage of mineral-
ization.

Litter-mate pigs aged 3 and 9 months were fed a
stock diet (8 ppm F™) for 6 weeks. Subsequently milk
or water containing 16 ppm F~ was added. The supple-
ment provided about 0.5 mg F/kg body wt/day. These
animals and controls were then sacrificed. Their un-
erupted permanent teeth were extracted. Enamel and
dentine were separated in sections of teeth. Density
of enamel particles was measured by flotation. Fluo-
ride was determined in enamel of different density
fractions and the mean fluoride and mean density of
enamel from each tooth were calculated. Fluoride was
also measured in surface enamel, in dentine and in
the mandible.

The dietary fluoride intake was reflected in all
the tissues examined. The amounts of fluoride incor-
porated from milk and water were similar. In bulk
enamel there was a peak fluoride level corresponding
to a density of 2.2 - 2.3 g/cm3 after which there was
a steady fall as maturation continued although in sur-
face enamel the F~ levels increased.

In communities in which fluoridated water is not available it

is a common practice to give fluoride to children in tablets or less
frequently as fluoridated milk, fruit drinks or in domestic salt. The
When is the most effective time in the development
of the permanent teeth for the incorporation of fluoride?

From the Department of Physiology, The London Hospital Medical College.
Presented at the 8th Conference of the International Society for Fluo-

ride Research, Oxford, England, May 29-31, 1977.

4

Is the first



F~ Uptake in Bones, Teeth 5

year at school too late to begin ingestion of fluoride for protection
gf the most caries-susceptible tegtb. first permanent molars? Can
fluoride treatment be restricted to certain short periods? Until re-
cently no direct evidence provided answers to these questions. Some
clinical observations made over 30 years ago in this country (1) and
more recently in Holland (2) suggest that just before and at the time
of eruption is the critical period but this has not been tested ex-
perimentally.

Objectives

To study such a problem it is necessary to have a model as it
is impracticable to investigate this in children. Our earlier work
(3) showed that the dentition of the young domestic pig provides a
spectrum of stages in enamel formation. There is a close similarity
in the profile of tooth development in a 7 month old pig and a 6 year
old child (Fig. 1). The aim of this study was to supplement the diet
of pigs with fluoride for a short period and then to relate the amount
of fluoride taken up in the enamel of each unerupted tooth during this
period to the particular stage reached in mineralization.

By including animals aged 3 and 9 months it was considered that
both early and late stages of enamel formation and maturation would be
civered. Bone and dentine were also analyzed. Since bone is more meta-
bolically reactive than enamel, it can serve as a guide to the avail-
ability of ingested fluoride. It was not feasible to carry out balance
studies on food, urine, and feces.

Figure la
Schematic Representation of the Lower Dentitions

of a Pig about 7-Months 01ld

The permanent teeth are labelled. Only the first molar is erupted.

FLUORIDE
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Figure 1b

Schematic Representation of the Lower Dentitions
of a Child about 6~Years-0ld

PM , Hﬂl C I, I
Materials and Methods

Litter-mate pigs aged 3 months were fed a nutritionally ade-
quate stock ration containing 8 mg F/kg for 6 weeks. Two of the pigs
were given a fluoride supplement in the form of sodium fluoride added
to milk or water at a final concentration of 16 mg F~/1 (16 ppm F7).
These solutions, mixed with the food, supplied an additional 0.5 mg
F/kg body weight daily. At &4 1/2 months of age, these pigs were sac-
rificed. The same protocol was repeated with three more litter-mates
aged 9 months. Extra fluoride was again given to two of these for 6
weeks. The experimental animals were killed when 10 1/2 months old.
Almost fluoride-free drinking water was supplied ad libitum.

The permanent teeth, which were all unerupted except for the
first molar, were dissected out. Those on one side were sectioned and,
under the dissecting microscope, the enamel was stripped away from the
dentine. Enamel particles from single teeth were pooled, air-dried,
then separated into density fractions by flotation in mixtures of di-
iodo-methane and n-butyl phthalate over the density range 2.0 to 3.0
g/em3. The fluoride concentrations in these fractions were determined
by the Orion-specific ion electrode after preliminary diffusion with
60 percent perchloric acid.

In this manner the mean fluoride level in bulk (whole thickness)
enamel was measured and related to the mean enamel density. Fluoride
was also determined in dentine and in bone removed from 6 {identical
sites in the mandibles. Teeth from the opposite side were used for de-
termining the fluoride concentration in the outer 150 microns of the
enamel thickness. Surface enamel was carefully removed by means of a

Volume 11 Number 1
January, 1978



F~ Uptake in Bones, Teeth 7

dental hand-piece with a diamond bur. The depth of the layers was cal-
culated from the weight of enamel and area of the tooth surfaces which
was abraded.

Results

The mean fluoride levels in bone, dentine and enamel reflect
the fluoride intake in both the young and old pigs (Table 1). In the

Table 1
Mean Fluoride Concentrations m) in Air-Dried Tissues of Pigs

4} months old

Statistical s fica

Control Water Milk 1v2 2 vl l1v3
1 2 3
Bone 247.9 (8) 308.9 (8) 271.4 (W) - - -
Dentine 275.0 (S) 351.2 (5) 339.6 (S) - .
Enamel 148,80 (S) 217.4 (S) 205.2 (%) - - -
10§ months ol

Controlt Water Milk
Bone 305.5 (6) 415.7 (6) 5$21.0 (&) - o
Dentine 252.6 (7) 318.6 (7) 384.9 (7) = =
Enamel 100.0 (9) 150.3 (9) 170.8 (9) - - e

¢+ Control pt! was only 9 months old
Statistical analysis by Duncan's New Multiple Range Test applied
. ¥ soo:nuyul of Variance.
< .

young pigs there is a tendency for more fluoride to be incorporated
from the fluoride supplement in water than in milk, but the older pigs
show the reverse trend. The fluoride content of the mandible increased
with age but no change was found in dentine. In enamel the mean fluo-
ride concentrations decreased with age but the uptake from the supple-
ments appears to be similar in both age groups. However, since compari-
sons are being made between a 9 month old contrzsl and 10 1/2 month old
experimental pigs and since there would have been a further small fall
in the fluoride concentration in the teeth of the control pig over the
6 week period, it can be concluded that the uptake of fluoride was
probably slightly greater in the teeth of the older pigs. Within one
animal considerable variation in the fluoride levels in the different
regions of the mandible was noted, a fact attributable to the vari-
ations in bone structure and vascularity, the patterns of growth, and
metabolic activity (4). Likewise in enamel there was a large variation
in fluoride concentration among different teeth. This variation paral-
leled differences in enamel density and confirmed our ealier findings
(3). The fluoride concentrations in dentine were remarkably constant

FLUORIDE
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from one tooth to another,

A detailed analysis of the enamel findings is presented in Fig-
ure 2. The scatter of points for any one pig precludes calculation of
linear regression lines over the full density range but lines have been
drawn to give an indication of the probable relationship between fluo-
ride concentration and density. It appears that a peak in the fluoride
levels is consistently reached when the enamel density is about 2.3
g/cm3; above that there is a steady fall so that the final concentra-
tions are less than half the maximum. These observations were made on
the teeth of the older pigs. The results from the younger group are
more difficult to interpret as there were fewer teeth for analysis and
most of the enamel which was obtained was of low density. As seen in
Figure 2 they did provide confirmation of the increase in fluoride as
the density increased from 2.0 to 2.2 g/cn3.

From the results it is seen that the intake of fluoride in the
diet is reflected at all stages in development of enamel with some pref-
erential incorporation into enamel having a density of about 2.2 - 2.3
g/cm3. This is confirmed when fluoride uptake is compared for enamel
samples of different mean densities (Table 2). The stage of enamel min-
eralization is clearly more important than the age of the animals in
dictating the amount of fluoride which is deposited in developing teeth.
Obviously these factors are interrelated in any one tooth.

Table 2
Mean F~ Increment (ppm) in Bulk Enamel of Similar Densities in Pigs of
Two Age Groups Resulting from Supplementation of the Diet with F~ in
Water (W) and Milk (M) for Six Weeks

Mean Density
of Enamel 4 1/2 Months 10 1/2 Months
_w-Cc | McC w-C_ | M-C
2.10 79 58 11 56
2.20 101 93 132 140
2.30 50 52 119 103
2.75 17 0 8 46

As maturation proceeds the mean fluoride concentrations in enam-
el generally decrease (Fig. 2) but when the fluoride levels in different
density fractions from the same tooth were examined it was found that
there were often inconsistencies in this pattern; the most dense samples
sometimes contained higher concentrations than were to be expected from
the graphs in Figure 2. It was postulated that maturation is made up of
two processes as far as fluoride is concerned, namely a progressive loss
of fluoride from the whole thickness of enamel, but in addition an as-
sociated deposition of fluoride at the tooth surface in unerupted fully
mature enamel. When surface fluoride was determined, and the concentra-
tion in the outer 50 microns calculated, it became clear that this ex-

Volume 11 Number 1
January, 1978
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Figure 2
Mean Density of Enamel and Mean Fluoride Concentrations (ppm F)

in Permanent Teeth of Control Pigs Aged 3 (@) and 9 Months (©) and
Pigs Aged 3 and 10 1/2 Months which Received a Fluoride Supplement
in Water (A and A ), and in Milk (@ and O)
2001

pe Flg

»,
&

poF/o

29 22

24

g/cm’
2% 78 30

Most of the points represent the mean value for the enamel of one un-
erupted tooth but where several distinct density fractions were ob-
tained in a tooth these were plotted.

FLUORIDE
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planation was essentially correct (Fig. 3). However, the results showed

Figure 3
Fluoride Concentrations in the Quter 50 Microns of the Enamel

Surface and the Mean Density of Bulk Enamel from Unerupted Teeth of
Control Pigs Aged 9 Months (© ) and Pigs Aged 10 1/2 Months
Given Fluoride in Water (® ) and Milk ()

-
0 ..l milk « F (m)
]‘9’/9 woter « F (@)

600 +

control (O)
400 1
200 4
o

3 3
22 24 26 28 3:0 gfem

two features of particular interest. First, the surface accumulation
takes place much earlier in maturation than had been predicted and sec-
ond, the concentration of fluoride at the surface is related to the di-
etary intake. In the immature enamel with a density of less than 2.3
g/cm3, the surface figures correspond to those obtained from analysis
on whole-thickness enamel (Fig. 2).

Discussion

These results agree with previous findings ¢3) showing that as
maturation proceeds, that is, as water and protein are progressively re-
placed by mineral in the partially mineralized enamel matrix, fluoride
is also removed. In addition they show that a peak value 1is reached
during the early phase of maturation when the enamel has a density of
about 2.2 - 2.3 g/cm3 and that this is influenced by the amount of fluo-
ride in the diet.

There is no theoretical reason to suggest that the "loss" of
fluoride is attributable entirely to dilution of a small amount of fluo-
ride-rich material by fluoride deficient mineral as maturation progresses
and as the crystals increase in volume. Incidentally, the decrease in
fluoride content is still seen when the level is calculated in terms of
volume (pgF/cm3 tissue) rather than on the more customary weight basis

Volume 11 Number 1
January, 1978
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(pgF/g). Admittedly, the incorporation of fluoride into hydroxyapatite
crystals by surface exchange or surface adsorption might result in a
small apparent decrease in fluoride since as the crystal grows in size
the surface area becomes smaller relative to the weight of the mineral.
But this is not the only way by which fluoride is taken up during the
formation of mineralized tissues--it can also be incorporated within the
hydroxyapatite as it forms. There is no evidence to suggest that the
'loss' of fluoride takes place because less fluoride is available sys-
temically for incorporation into enamel at the later stages of its for-
mation on account of the animal becoming older. It has been pointed out
that the decrease in fluoride concentration in maturing enamel is ob-
served in teeth of pigs of quite different ages.

At the dosage used here, fluoride is probably incorporated into
developing enamel at all stages. It is unlikely that tbe fluoride in
almost fully mineralized enamel (density about 2.8 g/cm ) of the fluo-
ride-supplemented pigs is there because it entered more immature enamel
some 6 weeks earlier at the onset of the fluoride feeding, and that de-
spite some loss later, much of it has remained during maturation. We
have observed that the rate of maturation is somewhat varitable in dif-
ferent teeth. In teeth in which enamel mineralization was nearing com-
pletion (the first incisor, canine, and second molar) the changes in
density were only from about 2.72 to 2.93 g/cm3; the enamel was there-
fore quite well mineralized when the extra fluoride was supplied in the
diet. This rate of change in density was incidentally much greater than
in teeth with immature enamel. It seems more probable that there is
some incorporation in the relatively well mineralized enamel. Studies
on incisors of rats exposed to an atmosphere containing HF support this
view (5) as does the data in Figure 3. If enough fluoride is acquired
by the surface of almost completely mature enamel it will probably be
reflected in higher levels when bulk enamel is analyzed.

The concept of labile fluoride in developing enamel is not spe-
cific to the pig. It was first reported in the continuously growing rat
incisor (6,7) then in the deciduous bovine incisor (7,9) and has also
been observed in the deciduous human dentition (5,10). The nature and
function of the fluoride which has become concentrated in the early phase
of maturation are not known. Fluoride is capable of catalyzing crystal
formation and influencing crystal morphology (11,12). It might also act
on the ameloblasts and affect the removal of the proteins in the matrix;
this might explain how small increases in fluoride intake produce detect-
able changes in enamel (mottling) before any other tissues.

A somewhat paradoxical situation therefore exists during matura-
tion. Fluoride is removed from the thickness of the mineralizing enamel
only to be recycled and become concentrated at the surface. This leads
to a net deficit in the fluoride concentration of bulk enamel.

One of the most interesting findings to emerge from this work

FLUORIDE
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is that fluoride in milk and water is equally available for incorpora-

tion into hard tissues at the concentrations used (16 ppm F~). This is
in agreement with results obtained in rats which were fed lower levels

of fluoride, namely 4 (13) and 10 ppm (14). However, in human subjects
who ingested much larger amounts (30 mg F~) the absorption of fluoride

from milk was delayed and lower peak levels of fluoride in plasma were

observed (15). We have no explanation to offer for the superiority of
milk over water as a vehicle for fluoride in the older pigs (Table 1).

The weight gain in these pigs was very similar.

In conclusion it must be mentioned that the final concentration
of fluoride in mature enamel may not necessarily be the best or only
criterion on which to predict the effectiveness of fluoride in improv-
ing resistance to caries. Fluoride probably acts in several ways. Sup-
porting this view indirectly are the findings of the current study; high
concentrations of labile fluoride in developing enamel might have one
effect while the later incorporation of fluoride in surface enamel might
have another. The demonstration of this last phase corroborates the
evidence from clinical studies and we are reminded of their conclusions:
"F~ could not have conferred any protection on the first permanent mo-
lars until shortly before their eruption" (1), and "...it does not seem
necessary that the extra fluoride is present during the entire tooth
formation" (2).
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Discussion

Prof. Burgstahler: You indicated that the daily supplement of fluoride

in the experimental animals was 0.5 mg/kg of body weight. What
was the fluoride intake per kg of body weight in the controls?

Prof. Speirs: The diet contained 8 mg of fluoride per kg, and the young

pigs consumed about 2.5 kg of food per day, so they were getting
about 20 mg of fluoride per day from the food. The young pigs
weighed about 40 kg, thus intake from food was about 0.5 mg/kg
of body weight.

Prof. Teotia: In endemic areas [of India] ,where the water is alkaline

and soft,more fluoride is incorporated from the water than
where water is hard and not alkaline. Milk contains 100-200 mg
of calcium per 100 ml whereas water, which is usually neutral,
contains as little as 8 mg of calcium per 100 ml. Yet, it seems
that incorporation of fluoride into the dentine of the animals
was about equal from the water and milk. I would like to know
the alkalinity of the milk and whether the availability of the
fluoride in it was, in any way, reflected in the uptake by the
dentine.

Prof. Speirs: In our experiments concerning the availability of fluo-

ride added to milk, we were surprised to find that 85 percent of
the added fluoride seemed to be free. Only about 15 percent was
not dialyzable and was precipitated or lost by high-speed cen-
trifugation. I am not sure why we are getting the apparent re-
versal [in uptake] between the younger and older pigs.
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ACONITATE HYDRATASE ACTIVITY AND CITRATE CONTENT
OF HEART AND KIDNEY IN FLUORIDE AFFECTED COWS

by

G.W. Miller, M.N. Egyed and J.L. Shupe
Logan, Utah

SUMMARY: Heart and kidney tissues from Holstein, Here-
ford and cross bred beef cows suffering from chronic
fluoride toxicosis were analyzed for citric acid con-
tent and aconitate hydratase (citrate (isocitrate) hy-
dro-lyase, E.C. 4.2.1.3) activity and the results were
compared with those obtained with tissues from healthy
cattle. Citric acid concentration was decreased 54 -
60% in kidney and heart of fluoride affected cattle.
Aconitate hydratase activity in heart tissue showed an
increase of about 25% in the heart tissue and a de-
crease of about 52% in the kidneys. The possible mode
of action of these findings is discussed.

Introduction

Previous studies (1) indicated that Agropyroncristatuml. Gaerth
(crested wheat grass) collected from an area high in atmospheric fluo-
ride contained apparent trace amounts of fluoroacetate and fluorocitrate
in addition to high levels of inorganic fluoride. Animals grazing on
this vegetation exhibited chronic fluoride toxicosis. Although it is
known that a significant increase of fluoride concentration in the bone
ash of humans, bovines, laboratory rodents, and chickens resulted in re-
duction in citrate concentration (2-5), this finding was not confirmed
in fluoride-affected cattle when citric acid was analyzed in bones on a
dry fat-free basis (6). As some of the soft tissues from animals suf-
fering severe osteofluorosis appeared to contain trace amounts of organ-
ically bound fluoride (7), it was deemed of interest to measure in these
preliminary studies the citric acid content and aconitate hydratase ac-
tivity in soft tissues of fluoride-affected cows as compared with the
same parameters in soft tissues of healthy cows.

Materials and Methods

Soft tissues (hearts and kidneys) from 4 healthy cows served as
controls. Tissues from twelve 5 to 12 1/2 year old cows from ~:n area
containing industrial fluoride-air pollution and exhibiting chronic fluo-
ride toxicosis were obtained immediately after sacrificing the animals.
Tissue extracts for citric acid determination were prepared as outlined

From the Departments of Biology and Veterinary Science, Utah State Uni-
versity, Logan, Utah 84322,
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by Buffa and Peters (8). The tissues were kept in an ice bath and ex-
tracts for citrate analyses were made within 2 hours after the death of
animals. Citric acid was determined by the colorimetric method of Tay-
lor (9) and the values are given in pg per gram wet tissue. Crude acon-
itate hydratase was extracted as follows: Twenty g of the fresh tissue
was ground with 60 ml of cold citrate buffer (4 x 10-3M, pH 4.7) in a
Waring blender for 2 min., and the slurry was passed through four layers
of cheesecloth and centrifuged at 20,000 x g for 20 min. The superna-
tant was suitably diluted with 0.1M phosphate buffer (pH 7.4) and used
immediately. The spectrophotometric assay procedures were the same as
described by Hsu and Miller (10). Protein was determined by the method
of Lowry et al. (11). The specific activity was given as optical den-
sity A/min/mg of wet tissue.

Results

Citric acid concentration of the normal animals ranged from 21
to 49 micrograms per gram wet tissue (average 39.1) for hearts and 23 to
55 micrograms per gram (average 40.2) for kidneys. Concentrations of
citric acid in tissues from fluoride-affected animals ranged from 9 to
30 micrograms per gram (average 15.7) for hearts and 8 to 34 micrograms
(average 18.4) for kidneys. This represents a 60 to 54% decrease re-
spectively as compared with control values (Table 1). The aconitate hy-
dratase activity of the heart and kidney tissues exhibited a different
pattern of change. Whereas the enzyme activity of the kidney tissue ex-
tract from the fluoride-affected animals decreased an average of 50X,
that of the heart increased 25X over the controls (Table 2).

Table 1
Citric Acid Concentration of Soft Tissue

Citric Acid (ug/g wet Tissue)*

Animals Number Tested Heart Kidney
Control 4 39.1 + 10.0 40.2 + 12.0
Fluoride affected 12 15.7 + 5.9 18.4 + 5.6

*Sample mean and standard deviation.

Table 2
Aconitate Hydratase Activity of Soft Tissues

Aconitate Hydratase Activity*
0.D. increase at 240 mp/min/mg protein

Animals Number Tested Heart Kidney
Control 4 0.66 + 0.126 0.462 + 0.124
Fluoride affected 12 0.829 + 0.183 0.22 + 0.07

*Sample mean and standard deviation

FLUORIDE
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Discussion

Shupe et al. (12) studied the metabolism of inorganic fluoride
in dairy cattle and found that only insignificant amounts of fluoride
were retained in soft tissues. The fluoride content of kidneys was
somewhat higher than of other soft tissues, which mainly reflects the
route of elimination of fluoride from the body (13). No gross or his-
tologic changes due to fluoride were found in the soft tissues of cows
ingesting as high as 109 ppm of fluoride. In the present study it was
found that the citric acid concentration in the soft tissues of fluoride-
affected animals was significantly decreased (54 to 60%), a finding sim-
ilar to the pattern seen in bones of various animal species when ex-
posed to high levels of fluoride (2,3,4,5). We feel that the similarity
of pattern is not enough to prove the existence of identical mechanism,
i.e., the competition between fluoride and citrate in bones. Long-term
ingestion of excessive fluoride might reduce the availability of cit-
rate in soft tissues, thus decreasing concentration, similarly to bones.

The elevated activity of aconitic hydratase in the heart and de-
creased activity in the kidneys seems controversial. Since fluorocitric
acid is a strong inhibitor of aconitic hydratase both in vitro and in
vivo (14), the decreased enzyme activity in kidney tissue might indicate
its presence. This suggestion is supported by the failure of an earlier
attempt to demonstrate its presence in the heart by gas chromatography,
while it was detected in kidney of fluoride-affected animals (7). In our
present study, the effects and detection of organically bound fluoride
(fluorocitric acid) in soft tissues was not investigated. Therefore, it
is difficult to interpret our findings related to the decreased and in-
creased aconitate hydratase activities in various soft tissue of fluo-~
ride-affected cows. A further problem arises in the interpretation of
decreased citrate levels in the soft tissues (hearts and kidneys) of
fluoride-affected cows which should be higher than control values if
fluorocitrate were present at least in the kidney. Since the kinetics
of fluorocitrate formation in animals is unknown at present, further in-
vestigations should be done to elucidate the exact mechanism of aconi-
tase-citrate-fluorocitrate and inorganic fluoride interrelationships in
cattle affected by ingestion of excessive fluorides.
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INTERACTIONS BY FLUORIDE WITH A MINERAL SOIL CONTAINING ILLITE AND
ALTERATIONS OF MAIZE PLANTS GROWN IN THIS SOIL

by

H. Hidni
Liebefeld-Bern, Switzerland

SUMMARY: The changes in soil following addition of
sodium fluoride and their effect on plants were in-
vestigated. Fluoride dissolves aluminum-organic mat-
ter out of the Liebefeld soil. More of these compounds
go into solution from acid soil than from limed soil.
Titration of the soil extracts showed that the dis-
solved organic matter belongs to the low molecular
weight fraction ( < 1000).

The fluoride and the aluminum compounds are taken
up by maize plants. Plants grown in extracts of acid
soil with higher concentrations of aluminum and fluo-
ride undergo more damage than plants grown in limed
soil. This lower plant yield in acid soil becomes no-
ticeable after addition of 200 ppm of fluoride of which
24 ppm are water-soluble. The fixation of the added
fluoride not exceeding 500 ppm can be described by the

Langmuir isotherm. This relation only applies to the
acid soil.

Illite, the main component of the clay fraction
of the Liebefeld soil, reacts solely withapH 4.7 acid
solution of sodium fluoride at a temperature of 50°C.
After an initial exchange of surface OH-groups against
fluoride the crystal lattice of the illite i3 gradually
decomposed forming cryolite and amorphous silica.

Introduction

Soil may contain considerable fluorine, but most of it is bound
tightly in silicate- and phosphate minerals and therefore only little of
the total fluorine is soluble in water. Normally the values of water-
soluble fluorine range between 0.3 and 0.5 ppm whereas the total fluo-
rine levels fluctuate between 10 and 1000 ppm (1).

In the neighborhood of aluminum plants and brickyards the soil

From the Swiss Federal Research Station for Agricultural Chemistry and
Hygiene of Environment, CH-3097, Liebefeld-Bern, Switzerland.
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may contain several hundred ppm of fluorine due to emission of fluoride
gases or dust. Much more disturbing is the simultaneous increase of wa-
ter-soluble fluorine which rose to 25 ppm in the Mohlin-Riburg area (2).

Therefore we decided to add fluoride to one of our test soils
in the form of sodium fluoride and to investigate, whether and how the
artificially introduced fluoride is fixed in the soil, what changes in
the solid soil constituent are thereby produced and how plants respond
to these fluoride supplements.

Aside from the question of fluoride fixation in soils one pro-
perty of the fluorine ion has to be considered carefully, namely the
tendency to form complexes with aluminum and to a lesser extent with
iron. By this reaction, the solid soil constituents may be changed,
due to the fact that either the aluminum is being dissolved out of the
aluminum silicates or that the aluminum ion bridge in the clay-organic
matter complex is attacked.

It is the aim of this work to investigate in detail the reac-
tions mentioned in order to obtain a better insight into the composi-
tion of a solution equilibrated with a fluoride-contaminated soil. The
dissolved particles in this solution are directly accessible to the
plant roots and can cause damage by the assimilation of one or several
of these particles.

Results and Discussion

Dissolution of Aluminum-Organic Matter Complexes: We studied
a sandy loam from Liebefeld with a pH of 5.3. By liming a pH of 7.3
was obtained. The main portion of the clay fraction consisted of il-
lite.

As can be seen in Table 1, fluoride dissolves aluminum, iron
and organic matter out of this soil whereby the solubility is consid-
erably reduced through liming. Obviously metal-organic matter (OM) com-
plexes are brought into solution. The assumption that the aluminum is
the main metal in these complexes is supported by the analytical com-
position of the solution and by the differential thermal analytical in-
vestigation of the soil after the influence of fluoride. In the fluo-
ride-treated soil an exothermic peak, originally present at 410°C, has
almost completely disappeared. This temperature is, according to
Schnitzer (3), characteristic for the burningof organic matter bound
to aluminum.

The infrared spectra of the freeze-dried extracts show a bind-
ing of the metal to the CO0” - groups of the organic matter. Moreover

it is recognized by a band near 600 cm~! that some of the fluoride ions
in the acid soil extract form an aluminumfluoro-complex.

An estimate of the molecular weight of the dissolved organic

FLUORIDE
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Table 1
Changes in the Liebefeld Soil (acid and limed) and in
Maize Plants Grown in this Soil after the Addition of
Fluoride in the Range from 100 to 1000 ppm

Acid Soil Soil Extract Plant Plant Yield
F~ Added pg/ml ppm Drymatter
(ppm) Al Fe oM F Al | Fe | F (g/pot)
0 8.59 ) 0.437 | 308 0.096 | 38.5| 169 | 9.5 7.67
100 10.2 | 0.419 | 336 2.0 92.5| 133 1.0 8.67
200 15.2 | 0.647 | 364 6.24 92.5| 129 p3.0 7.17
300 19.5 [ 0.925) 392 | 14.4 116 136 [19.0 6.07
400 27.0 | 1.52 | 392 )| 26.4 105 132 R7.0 5.07
500 29.2 | 1.52 | 420 | 36.8 162 147 R9.0 5.27
750 54.5 | 1.80 | 532} 96.0 105 133 [0.0 4.34
1000 56.4 | 2.44 | 588 | 116 122 144 K0.0 4.07

_Limed Soil Soil Extract Plant Plant Yield
|
0 9.5 1 0.299 | 196 0.330 | 45.0) 120 9.5 11.0
100 0.359 | 196 3.24 50.0 | 116 | 9.0 10.86
200 3.2 | 0.647 | 224 5.60 41.51106 | 7.0 9.90
300 0.406 | 196 8.80 67.0) 121 | 8.5 8.80
400 3.2 | 1.0 196 | 12.0 61.0 121 | 7.5 8.86
500 5.0 |1.11 | 224 | 18.0 48.5 | 1n6 [0O.5 9.03
750 12.6 ) 0.876 | 280 | 32.8 61.0| 119 1.0 8.90
1000 21.5 J1.31 | 3081 44.8 95.0 1122 @13.5 .20

matter is possible by titrating the soil extracts with 0.02 N NaOH.
The consumption of alkali corresponds with a molecular weight of 700
provided we adopt the findings of Schnitzer (4), that 6 COOH - and 2
phenolic~-OH-groups are present in one molecule of organic matter. On
this basis the dissolved organic matter belongs to the low molecular
weight fraction.

The changes in the soil solution brought about by the addition
of fluoride are likewise reflected in the maize plant. The values in
Table 1 illustrate that increasing levels of fluoride in the soil cause
both the levels of fluoride and those of aluminum to rise in the plant.
One must conclude that the aluminum-organic matter complexes are taken
up by the plant. On the other hand, the iron content in the plant re-
mains more or less constant, although its level in the soil solution
is much lower than that of aluminum. The lesser increase of the alum-
inum content of the plants grown in the limed soil is in direct rela-
tion to the composition of the soil solution.

The assimilation of aluminum and fluoride is parallel to the
damage to the plant which manifests itself by a lower production of dry
matter (Fig. 1). However, the complex composition of the soil solu-
tion makes it impossible to estimate whether this damage is caused sole-

Volume 11 Number 1
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Figure 1
Effect of Fluoride Added to Liebefeld
Soil on Growth of Maize Plants

acid soil

0 100 200 300 400 500 75 1000 ppm of ¥~

ly by the assimilation of fluoride or whether the assimilation of sec-
ondary products is a contributory factor. It may be of interest to
mention in this connection the findings of Mitchell (5) wherein gallium
as Ga3*t damages the plant by concentration on the root surface, where-
as gallium as Ga-EDTA-complex is taken up by plants without causing any
damage.

Fixation of Fluoride: To estimate the toxicity to a plant of
fluoride in soil, it is important to know the fluoride binding capacity
of a soil. Several soil components exhibit fluoride fixing properties.
According to different authors (6,7,8) the adsorption on amorphous ox-
ides, halloysite and kaolinite is mainly responsible for the fixation
of fluoride in acid soils. 1In alkaline soils, the fixation is essenti-
ally governed by the presence of calcium-phosphates and calciumcarbo-
nate.

The fluoride adsorption in the acid Liebefeld soil can be de-
termined up to an addition of 500 ppm of fluoride by the Langmuir iso-
therm. The adsorption maximum of 38.5 mg of fluoride per 100 g of soil
is calculated from the slope of the linear Langmuir plot. With higher
additions of fluoride a deviation from this linear equation is observed.

The fixation process in the limed soil cannot be described by
the Langmuir isotherm. It is assumed that the fluoride is rapidly ad-
sorbed on the added lime, followed by a migration into deeper layers
leading to the formation of a CaFy nucleus on the lime particles. This
reaction is mainly responsible for the enhanced fixation in the limed
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soil. The values of the water-soluble fluoride in this soil are on the
average two to three times lower than in the acid soil (Table 1).

The Reaction of Illite with Fluoride: Since the behavior of
illite (the main component of the clay fraction of the Liebefeld soil)
in a fluoride-containing solution is not well known, experiments were
made to investigate this reaction. It is known that the kaolinite
crystal latcice is disrupted in the presence of fluoride, leading to
the formation of sodium fluorosilicate and cryolite at pH 7. At this
pH, only cryolite is formed as a solid phase (9).

A standard illite (Fithian, Illinois) which has been treated
in the usual way so as to destroy the organic matter and the iron ox-
ides was subjected to the same conditions as described by Semmens (9).
Contrary to the kaolinite, illite did not react with a neutral solu-
tion of sodium fluoride. Even after 240 hours at a temperature of 50°C
no changes in the composition of the solution were observed. Only an
acid sodium fluoride solution of pH 4.7 gradually loses the fluoride in
contact with the illite. Figure 2 represents the percentage weight
gain per 100 mg of illite compared to the loss of concentration of fluo-
ride from solution to the solid phase, expressed in milliequivalents
per 100 mg of illite. «

Figure 2
Plot of P (percentage weight gain per 100 mg of illite) Against Loss
of Concentration of Fluoride gneguiv.ZIOO mg) for the Reaction
Between Illite and an Acid Sodium Fluoride Solution

Two types of reaction can be
recognized from the different
slopes of the curve. Up to
one hour of reaction time, the

Contact 0.4 m NaF-Solution
pH = 4.7 Reaction Temp. 50°C

Weight Increase % slope is best explained by an
T exchange reaction of the type
60

50
40

30t

20
10

Alz(OH)z(Sizos)2 + FT —>

~—

AIZ(OH,F)(SiZOS)2 + OH
whereas the following linear
graph with a steeper slope
suggests a reaction in which
sodium fluoroaluminate (cryo-
lite) is formed:
ar a5 10 15 20 25 B AL, (OH), (S1,05), + 6 Na® + 12 F~+

F~ loss from + 6 830+

solution

meg/100 g 2 NaJAlF6 + 3 Si(OH)“+8102+6 HZO
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The formation of cryolite is confirmed by X-ray diffraction
method. Colloidal silica is recognized as small spherical particles
on electron microscope photographs (Fig. 3).

Figure 3
Electron Microscope Photographs of Illite (carbon replica)

A: Before the reaction with fluoride —

B: 240 hours in a sodium fluoride solution
(0.4 g-mol/l) of pH 4.7 at 50°C

The clay fraction, separated from the Liebefeld soil, shows the same
behavior as the standard illite in a fluoride solution. Therefore, it
is very unlikely that a fixation mechanism, involving the formation of
crvolite, is of any importance under the conditions existing in the soil.
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The reason for the greater stability of illite compared to

kaolinite in a neutral sodium fluoride solution may be found in the
structural differences. In the illite, which is a 2 : 1 mineral, the
octahedral layers of aluminum are tightly packed between the tetrahe-
dral layers of silicon whereas in the kaolinite, which is a 1 : 1 min-
eral, the AlOg - octahedra are bound one-sided to the next tetrahedral
layer simply by hydrogen bridges.
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Discussion

Dr. FlUhler: I would like to call attention to the fact that it ap-

pears that fluoride is very mobile and leaches out very slow-
ly. In some ecosystems we may well witness in the future an
increase of fluoride in ground water.
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LONG-TERM EFFECTS OF FLUORIDE ADMINISTRATION - AN EXPERIMENTAL STUDY
ii) EFFECT ON SERUM PROTEINS

by

R. Kaur, P. Singh and S.S. Makhni
Patiala, India

SUMMARY: Thirty rabbits were given subcutaneously
daily for 12 months sodium fluoride in doses ranging
from 0.5 mg/kg to 5 mg/kg and the serum electrophoret-
ic patterns were studied. There was a significant fall
in the total serum proteins. An inversion of the al-
bumin/globulin ratio was found, namely a decrease of
albumin and a rise of globulin.

The effects of sodium fluoride on total serum proteins has been
studied by Majumdar and Ray (1) in calves and hill-bulls. Azar et al.
(2) reported the total serum proteins in eight fluorotic patients from
the Persian Gulf. However, no work on the differential protein patterns
is available to the authors. The current communication presents the ef-
fect of sodium fluoride on total serum proteins and on the albumin glob-
ulin ratio.

Thirty 10 to 12 week old rabbits were divided into five groups.
Group A which served as control, was injected with distilled water with-
out fluoride; group B received 0.5 mg sodium fluoride per kg body weight
subcutaneously daily for twelve months; group C, 1 mg/kg; group D, 2 mg/
kg, and group E.5 mg/kg sodium fluoride. The estimates of the serum
proteins were made by the standard Biuret method of King and Wootton (3)
and the differential proteins by paper electrophoresis (4). These de-
terminations were made after 1, 2, 3, and 12 months.

Results

Tables 1 to 5 show the total serum protein in the five groups.
These tables reveal a distinct trend for the total serum proteins to
fall in the rabbits that were given sodium fluoride. The decrease is
statistically related to the amount of sodium fluoride injected. In
group B after 12 months, there is a reduction of 0.1 percent; in group
C, 1.3 percent; in group D, 1.5 percent; and in group E, the reduction
in serum proteins amounted to 1.6 percent. These findings are in
agreement with the observations of Majumdar and Ray (5) in calves and
bulls which were treated with fluorides.

From the Civil Hospital, Jullundar (R.K.), and the Government Medical
College, Department of Anatomy, Patiala, India 147001.
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Serum Proteins in Fluorosis 27

The differential protein patterns are presented in Figure 2.
These data reveal a lower percentage of albumin in the rabbits which re-
ceived fluoride as compared to the control groups. On the other hand,
there was a distinct rise in the serum gamma globulin fraction in the
fluoride rabbits. In the control group the mean values of the gamma
fraction ranged from 14.16 to 27.27 during the twelve month period (max-
imum 35.96, minimum 24.23 percent). In group E, the rabbits receiving
5 mg/kg fluoride, the gamma proteins increased from 17.70Z to 30.57%
after twelve months,

Figure 2 Effect of Sodium Fluoride Administration on Serum
Albumin and Gamma Globulins in Gram Percentage
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Discussion

Little work has been done on serum protein electrophoresis in
fluorosis with which our data could be compared. Majumdar and Ray (1)
found in their study on hill-bulls an initial mean total protein value
of 7.8; after 9 months of fluoride administration it fell to 6.9 gm/100
cc. serum. In calves the initial mean total protein value was 7.3 gm/
100 cc. which declined after 11 months to 6.5 gm/100 cc. serum. Al-
though the total proteins decreased in their series, they concluded
that their level did not differ significantly from normal.

The eight patients with skeletal fluorosis reported by Azar et
al. (2) from the Persian Gulf had normal serum proteins. No work on
the differential protein pattern is available.

Our data suggest that fluoride tends to impair the function of
the liver since an increase in serum globulins with inversion of the al-
bumin/globulin ratio is a common finding in chronic liver disease )
although even in acute parenchymatous disease of liver normal serum pro-
teins are frequently observed (7). Reversion of the albumin/globulin

FLUORIDE
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28 Kaur, Singh, Makhni

ratio in liver diseases is well documented in the literature and con-
firmed by Gray et al. (8). Currently there is little information on the
effect of fluoride on the liver. Tadashi found a significant decrease
in glycogen of the liver of rabbits, especially in necrotic areas in
acute and chronic fluoride intoxication ( 9).

In another study we shall present evidence that the rise of
gamma globulins is directly proportional to damage to the liver ceil
which in turn is directly proportional to the dose of sodium fluoride
given to animals. Since the liver is the site for catabolism of gamma
globulins (10) damnge by fluoride ions will interfere with its proper
function which leads to the increase of gamma globulins (5,11-14).
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SKELETAL CHANGES IN INDUSTRIAL AND ENDEMIC FLUOROSIS
by

E. Czerwinski and W. Lankosz
Cracow, Poland

SUMMARY: Fluorotic changes in bones and joints were
evaluated in 105 aluminum workers and 20 residents of
an endemic fluorosis region in India. The age of the
workers averaged 51.2 years, and the duration of their
exposure 18.2 years. The skeletal changes 1in the
aluminum workers exhibited the same characteristics as
those of endemic fluorosis. In industrial fluorosis
the changes were less advanced than in endemic fluoro-
sis. Generalized sclerosis, alterations in the bone
structure and periosteal reactions are the most typi-
cal features of skeletal fluorosis; ossification of
the interosseous membranes and muscle attachments, are
less characteristic.

The skeletal changes, an inseparable feature of chronic fluo-
ride intoxication, result from the specific affinity of fluoride for
hydroxyapatite, the basic substance of bone tissue (1,2,4-7).

Whereas in endemic fluorosis, the diagnostic value of skeletal
changes is incontrovertible, in industrial fluorosis the findings may
be modified by other factors. Among the employees of an aluminum fac-
tory the basic group studied, these factors include vibrations, mechanical
overstrain, marked variations in temperature and humidity, etc.

We attempted to determine whether or not specific diagnostic
criteria could be recognized in industrial fluorosis.- We therefore
compared the skeletal changes in a group of aluminum workers with those
in patients from an endemic fluorosis area.

Material and Methods

The 105 aluminum factory workers ranged in age from 37 to 69
(average 51.2). They had been exposed to fluoride for 8-24 years (av-
erage 18.2). Ninety-seven (92.4%) of them had been working in the elec-
trolysis department. The 20 patients from the endemic fluorosis area
were 18 to 50 years old (average 30.7). Their water supplies contained
8.5 to 25.0 ppm fluoride. The patients were examined in the Department

From the Orthopedic Department, Cracow Academy of Medicine, Poland.

Presented at the 8th Conference of the International Society for Fluo-
ride Research, Oxford, England, May 29-31, 1977.
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30 Czerwinski and Lankosz

of Human Metabolism, Meerut University (Head: Professor S.P.S. Teotia),
during the Scientific Expedition of Students of the Cracow Academy of
Medicine in 1975 to Indie.

Orthopedic, radiological and additional examinations were made
in all cases, both in the industrial and the endemic fluorosis groups.

Results

The aluminum workers most frequently complained of pains in the
lumbar region of the spine, less often of pains in the large joints,
forearms and lower legs. On examination various degrees of limitation
in the mobility of the spine and joints were found. 1In the patients

Figure 1
Lumbar Spine in (A) Aluminum Worker (B) Endemic Fluorosis

The advanced de-
generative changes
in the lumbar
spine in A are
less proncunced
than in the gen-
eralized osteo-
sclerosis in B.

B

with endemic fluorosis these changes were of a similar character ex-
cept that the localization differed since the cervical region of che
spine was often affected. On the basis of the clinical symptoms, it is
not possible to differentiate fluorotic changes from other bone and
joint diseases. Typical fluorotic changes may be evident on radiologi-
cal examination (4~7).

In the aluminum workers, the most frequent changes in the spine
were exostoses and ossification of the ligaments (Fig. 1). These changes
did not differ in appearance from those seen in spondylarthritis or
vertebral ankylosing hyperostosis. Radiograms of the pelvis very often
showed ossification of the muscle attachments to the iliac crest and to
the ramus of the ischiac bone. Generalized osteosclerosis and altera-
tions in bone structure were much less common than in the endemic fluo-
rosis group (Fig. 2).

Volume 11 Number 1
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Skeletal Fluorosis 31

Figure 2
Pelvic Bones in (A) Aluminum Worker (B) Endemic Fluorosis

Ossification of muscle attachments less marked osteosclerosis in (A).
Osteosclerosis and increased trabeculation in (B).

The changes most often seen in the long bones of the aluminum
workers included ossification of the interosseous membrane, thickening
of the cortical bone, and obliteration of the medullary cavity. Perio-
steal reactions and generalized osteosclerosis were rarely observed. In
the endemic group these changes were usually more pronounced, but were
absent in some (Fig. 3). It should be emphasized that ossification of
the interosseous membrane or of muscle attachments are often found in
manual workers who have not been exposed to fluoride compounds. Hence
these changes cannot be regarded as typical of industrial fluorosis (3).

Figure 3
Forearm in (A) Aluminum Worker (B) Endemic Fluorosis

- ‘

Ussitication of muscle attachments, thickened cortical bone, oblitera-
tion of medullary cavity, patchy condensation in the bone structure in
(A). Advanced ossification of interosseous membrane in (B).

FLUORIDE
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Discussion

In evaluating our observations we must consider that the ex-
posure to fluoride in the aluminum workers averaged 18.2 years as com-
pared to 30.7 years for the residents in the endemic area. Furthermore.
the exposure of the workers was intermittent whereas the intake of fluo-
ride in the endemic fluorosis cases was continuous. Therefore, one would
expect the disease to be farther advanced in the endemic cases. In the
aluminum workers, on the other hand, inhalation of fluoride played a ma-
jor role whereas among the residents of the endemic area the alimentary
canal was the main port of entry. How much these factors affected the
total amount of fluoride adsorbed and its resulting changes is difficult
to assess.
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Discussion
Dr. Teotia: This is the first paper comparing endemic and industrial

fluorosis. Osseous calcification develops early in the disease
and therefore is its earliest diagnostic feature.
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ELECTROMYOGRAPHIC STUDIES IN ENDEMIC SKELETAL FLUOROSIS
by

M. Veera Raghava Reddy , D. Raja Reddy , S.B. Ramulu ,
and D.S. Mani
Andhra Pradesh, India

SUMMARY: In thirty-six cases (32 males, 4 females)
with advanced fluorosis electromyograms were taken
and motor nerve conduction was measured. In 19 pa-
tients the findings were abnormal. The motor nerve
conduction in fluorosis was found to be within nor-
mal limits unless compressed by bony spurs. A fair-
ly good correlation occurred between the electro-
myographical findings and those of clinical neuro-
logical examination. The findings of this electro-
physiological study of endemic fluorosis are not in
accord with the concept of fluorotic myopathy re-
ported by others. Unequivocal evidence of neurogen-
ic atrophy in the EMG leads us to conclude that the
traditional concept of compression myeloradiculo-
pathy of fluorosis is correct.

The neurological manifestations of skeletal fluorosis leading
to myelopathy and radiculopathy are considered to be mechanical by na-
ture (1). The reported non-skeletal toxic effects of high levels of
fluoride in experimental animals have stimulated investigations of the
involvement of skeletal muscle and of other organs in human fluorosis
(2,3,4). Another interesting fact which has drawn attention to this
subject is the effect of fluoride on the adenyl cyclase system of the
cell membrane of the skeletal muscle. Reports by Kaul and Susheela
(2,4) and Franke (3) indicate that myopathy occurs in human fluorosis
as well as in experimental animals, although the experimental model
used by Kaul and Susheela is not comparable to human fluorosis. Our
own preliminary electrophysiological observations have shown no evi-
dence of myopathy, but, on the contrary, were indicative of neurogenic
atrophy. Because of the limited number of hospitalized fluorotic pa-
tients, we carried out a field survey in a highly endemic fluorosis
area. For this purpose we selected the village of Yellareddyguda of
Nalgonda district of Andhra Pradesh, where the fluoride content of
well water is one of the highest in India (5).

Materials and Methods

Thirty-six cases ranging widely in age with skeletal and den-

From the Department of Neurology, Osmania Medical College, Hyderabad,
India; Department of Neurosurgery, Gandhi Medical College, Hyderabad;
District Headquarters Hospital, Nalgonda, Andhra Pradesh.
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tal fluorosis of varying degrees were chosen for study. Since the pur-
pose of this study was to prove the possible validity of primary skel-
etal muscle involvement in fluorosis, we deliberately studied the most
advanced cases. This also explains the preponderance of males over fe-
males whose average duration of stay in the endemic area is much shorter
than that of males. All cases were studied neurologically and electro~
myographically which included sampling of both proximal and distal groups
of muscles in the upper and lower extremities. We used the portable
MS4 Medelec EMG machine with concentric needle electrodes. Moreover,
we recorded motor nerve conduction velocities in the median and lateral
popliteal nerves.

Results

Altogether 32 males and 4 females were included in this series.
Their age distribution is shown in Figure 1. Fourteen cases were in

Figure 1
Age Distribution
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the Sth decade of life, 7 in the 4th, 6 in the 3rd, and 5 in the 6th
decade. There was one patient each in other decades. The functional
disability of the patients is recorded in Table 1. Grade-I had spinal

Table 1
Functional Disability
Grades No. of Cases

I 31
1I 4
III 1
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Electromyography in Fluorosis 35

and appendicular bony deformities but were ambulatory; 31 fell into
this category. The four cases in grade-II needed support to walk. The
one individual in grade-III was totally bedridden. Neurological exam-
ination was negative in 20 cases and abnormal in 16. Lower motor neu-
ron type defects were seen in 7 individuals, upper motor neuron type
defects in 4, and in 5 cases both were combined (Table 2). None of the

Table 2
Neurological Examination

No. of Cases

1. Normal 20
2. Abnormal 16
3. Lower motor Neuron deficit 7
4, Upper motor Neuron deficit 4
5. Combined defects 5

patients had any sensory deficit, 2 had sphincter disfunction.

In 17 cases the electromyographic studies were within normal
range and abnormal in 19 (Table 3). Five out of the 20 cases with nor-

Table 3
Electromyographic Findings
No. of Cases
Normal 17
Abnormal 19

mal neurological condition had abnormal EMG whereas in 4 out of 16 cases
with neurological abnormalities EMG was normal (Table 4). In all cases

Table 4
Analysis of Abnormal E.M.G. Findings in 19 Cases
S.A. M.A.P.D. M.A.P,A. T Ps Giant
Polyphasic
T T \l' Units
No. of Cases 15 17 12 14 4

S.A.=Spontaneous activity; M.A.P.D.=Mean action potential duration;
M.A.P.A.=Mean action potential amplitude; I.P.=Interference pattern.

where the mean action potential amplitude was increased, the duration
of the mean action potential was also increased, but in some cases only
the duration increased without any changes in the amplitude. The EMG
findings conform with the pattern of neurogenic atrophy and revealed no

FLUORIDE
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evidence of myopathy in any of the cases. The proximal muscle groups
were more involved than the distal ones (Table 5). Changes in the up-
per extremities were more pronounced than those in the lower. These
variations might have occurred because of the anatomical difference be-
tween cervical and lumbar canals.

Table 5
Abnormal E.M.G. Break-Up of 19 Cases
Upper Extremity Lower Extremity
Muscles of .  imal Distal _ Proximal Distal
No. of Cases 17 11 5 2

The nerve conduction velocities are shown in Table 6.The termi-
nal latency in the median nerve varied between 1.7 and 3.7 milliseconds
and in the common peroneal nerve between 4.5 to 5.7 milliseconds. Only

Table 6
Nerve Conduction Velocities

Below 40 40-50 50-60 60-70 Over 70 Milliseconds

Median Nerve

No. of Cases 1 3 22 9 1
Common Peroneal Nerve

No. of Cases 2 21 12 1

in three cases were the nerve conduction velocities below 40 meters per
second; in the majority of cases this ranged between 40 to 60 millisec-
onds. In almost all cases the compound action potentials were within
normal range. In our experience nerve conduction is not affected by
fluorosis unless peripheral nerves are compressed by exostotic spurs in
limbs as seen in a single patient whose median nerve was compressed by
a spur near the elbow from the lower end of the humerus. Median nerve
conduction in this case was 31 meters per second.
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MECHANICAL PROPERTIES AND DENSITY OF BONE IN
A CASE OF SEVERE ENDEMIC FLUOROSIS

by

F.G. Evans and J.L. Wood
Ann Arbor, Michigan

(Abstracted from Acta Orthop. Scand., 47:489-495, 1976)

The mechanical properties of 25 standardized specimens of com-
pact bone from a case with advanced fluorosis, a 45-year-old man, were
compared with similar specimens of non-fluorotic bone. The patient,
who had been residing in an endemic area of India, had been bedridden
for nearly five years of his life. In both dry and wet specimens the
fluorotic bone exhibited reduced tensile strength and strain, but the
compressive strength and strain were increased. The fluorotic speci-
mens absorbed less energy to failure in tension (3.53 kg-cm/cm3) than
the non-fluorotic specimens (8.10 kg-cm/cm3). However, in coupression.
more energy to failure was absorbed by the fluorotic (34.33 kg-cm/cm3)
than by the non-fluorotic bone (17.59 kg-cm/cm3). Fluorotic specimens
also had a lower modulus of elasticity (1,362 kg/mm?) than the non-
fluorotic specimens (2,178 kg/mm?). The compressive properties ex-
ceeded tensile properties. Drying increased the tensile and compres-
sive strength and modulus but decreased tensile and compressive strength
and energy absorbed. The wet fluorotic specimens had lower tensile but
higher compressive properties. The average density of the dry fluo-
rosed specimens was 2.01 g/cm3 compared with 1.84 g/cm3 for the non-
fluorotic bone.

*hkkkkdkhkhkkik

CYTOGENETIC INVESTIGATIONS ON LEUCOCYTES
OF CATTLE INTOXICATED WITH FLUORIDE

by

A. Leonard, G.H. Deknudt, G. Decat and E.D. Leonard
Brussels, Belgium

(Abstracted from Toxicology, 7:239-242, 1976)
The authors studied leucocytes of eight cows grazing near a
fluoride-emitting factory that displayed signs of chronic fluoride poi-

soning, such as osteosclerosis and dental fluorosis. For each animal
they analyzed 100 cells, selected on the basis of the quality of chromo-
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somal spreading, for the presence of structural chromatid and chromo-
some aberrations. The blood samples from two animals that were not ex-~
posed to fluoride served as controls and 200 cells were examined for
each of them. Among the intoxicated cows, they found 5.3% structural
abnormalities, mainly chromatid aberrations as compared with 4.5%2 in
the control animals. Statistical analysis, however, showed no signifi-
cant difference (X2 = 0.432) between the two groups.

No data on the extent of poisoning and on the amount of expos-
ure to fluoride of the diseased animals were presented. The authors
suggested that "lymphocytes bearing chromosome aberrations may have
been eliminated since cattle lymphocytes have been shown to be extreme-
ly sensitive to such a selection process."

Rkkdkhihhhhhkkk

DISTRIBUTION OF SOIL FLUORIDES NEAR AN AIRBORNE FLUORIDE SOURCE
by

J.R. McClenahen
Wooster, Ohio

(Abstracted from J. Environ. Qual., 5:472-475, 1976)

Fluoride concentrations in soils of the United States are gen-
erally in the range of < 100 pg/g to > 1000 ug/g. The author exam-
ined the levels of total soil fluoride near the site of an aluminum
manufacturing facility in order to determine: 1) the pogssible influ-
ence of an important airborne fluoride source on geographical soil
fluoride distribution; 2) seasonal and annual trends in total soil
fluoride concentrations as related to the fluoride source; and 3) the
distribution of fluoride in the soil profile in relation to the fluo-
ride source. The study was supported by the Ormet Corporation of Han-
nibal, Ohio.

During the two years in which the soil data were collected the
aluminum production averaged 218,000 metric tons per year. The area
under study is situated on the Ohio river where ridges of the Ohio val-
ley rise 150 to 200 m above the river. Soil samples were derived from
pastures or grassland at 14 sites in the environs of the fluoride source.
The sites were selected from data on the amounts of fluorides present in
pasture grass and hay. In the forage the high and low fluoride sites
averaged 46 to 16 ug/g fluoride, respectively, during the 2 years of the
study. The kind of soil was described as deep, well-drained silt loam
common on upper slopes and ridgetops.
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At each of the 14 locations, 6 to 8 soil cores at different
depths up to 30 cm were extracted with a standard soil sampler in spring
and early fall of 1973 and 1974. A sulfuric acid steam distillation
fluoride specific ion electrode technique was developed for the total
s0il fluoride determinatioms.

At the depth of 0 to 5 cm the fluoride level ranged from 311 +
56 to 371 + 88 ppm; at 5 to 15 cm,from 304 + 48 to 357 + 80 ppm; at 15
to 30 cm depth, it ranged from 315 + 53 to 379 + 92 ppm. The highest
levels were found in spring 1973. The total soil fluoride differed
from one location to another and at different sampling depths. Season-
al trends also accounted for considerable differences between the high
and low atmospheric fluoride sites. 1In the less polluted areas, the
fluoride concentrations in soil increased with depth. However, this
profile was inverted in the high airborne fluoride sites with the most
superficial soil showing larger amounts of fluoride than at lower lev~
els. The fluoride content of the soil decreased with increasing dis-
tance from the factory. No data were available at distances greater
than 10 km.

The authors found no correlation between the average soil sur-
face fluoride levels and the average fluoride levels in pasture. They
conclude that the polluting source increased the fluoride content of
nearby soils and changed its distribution in the soil. Its fluoride
content decreased with increasing depth and as the distance from the
source lengthened., At 3 km northeast of the source, the nearest agri-
cultural land in this direction, the gain of fluoride amounted to as
much as 180 pg/g in surface soil. This increase is believed to have
less impact on forage fluoride than direct absorption of the halogen
from the air. (For further data on this subject see the editorial on
pages 1-3.)

Rhkhhkhkhkhhhkhkkhhdk

FLUORIDES - USE WITH CAUTION
by

L.E. Church
Washington, D.C.

(Abstracted from J. Maryland State Dent. Assoc., 19:106, 1976)

A three~year-old male child was given prophylactic fluoride
treatment to the teeth by a dental technician with a mixture of a 42
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stannous fluoride solution and pumice. This mixture was applied to
the teeth with a cotton swab. Shortly thereafter the pumice adhering
to the teeth was removed with a cotton swab dipped in the fluoride so-
lution. The child was instructed to rinse his mouth with the 4% stan-
nous fluoride solution. Within five minutes the child vomited, devel-
oped a convulsive seizure and shock. He was promptly admitted to the
intensive care unit of a pediatric ward where it was determined that
he had swallowed a 1/2 cup of fluoride solution. He died approximate-
ly three hours after the topical application of the solution.

Ahhkkrhhhhhkhid

FLUORIDE KINETICS AFTER ENFLURANE ANESTHESIA IN HEALTHY
AND ANEPHRIC PATIENTS AND IN PATIENTS WITH POOR RENAL FUNCTION

by

R. Carter, M. Heerdt and S. Acchiardo
Memphis, Tennessee

(Abstracted from Clin. Pharmacol. & Ther., 20:565-570, 1976)

Enflurane, a methylethyl ether, is metabolized in part, to in-
organic fluoride not unlike methoxyflurane. Both anesthetics have been
reported to induce renal failure. Fluoride ion values above the 50 uM
(.95 ppm) level are believed to cause subclinical renal toxicity. The
authors tried to establish the role of the kidney in determining peak
inorganic fluoride levels, particularly whether or not impaired renal
function might prolong the duration of elevated serum inorganic fluo-
ride.

They studied three groups of patients, group I, 16 healthy in-
dividuals; group II, 6 patients on hemodialysis with an unusually low
kidney function, namely a creatinine clearance of less than 5 ml per
minute; and group III, 18 patients without kidneys. In all three groups

of patients the anesthesia was induced with sodium thiopental (4 mg/kg).
Enflurane was administered by calibrated flow-compensated vaporizers
with nitrous oxide oxygen at a flow rate of 5 L/min in a semiclosed
system with carbon dioxide absorption. On group I a variety of opera-
tions were performed, group II underwent either placement of bovine
heterograft or subtotal parathyroidectomy, and procedures on group III
patients varied from bovine heterograft, multiple extraction of teeth,
subtotal parathyroidectomy, and nephrectomy. Surgery lasted from 1 to
3 hours in all three groups.

Serum inorganic fluoride levels were measured pre-operatively
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and at 1.5, 3,5, 7, 10, and 24 hours after initiation of exposure to en-
flurane. Renal fluoride and creatinine clearances were determined on
two successive 2 hour periods following the termination of the surgery
and of anesthesia in 10 control patients. Twenty-four hour urine sam-
ples were collected for these determinations in 5 of the 6 patients of
group II with creatinine clearances of less than 5 ml/min. Serum in-
organic fluoride and creatinine concentrations were obtained at the
midpoint of each urine collection for calculation of fluoride ion and
creatinine clearances in these two groups.

The patients with low creatinine clearances showed significant-
ly higher pre-enflurane serum inorganic fluoride. Their mean maximum
serum inorganic fluoride was 19.41 uM (.37 ppm) compared with 13.36 uM
(.24 ppm) among the anephric patients and 13.16 in the normal controls.
In one individual with low creatinine clearance the peak serum inorgan-
ic fluoride amounted to 46.31 uM (.88 ppm) three hours after the start
of the enflurane administration which is less than the 50 uM (.95 ppm)
at which subclinical renal toxicity has been reported.

The fluoride ion concentration in serum fell rapidly after
termination of the anesthesia even in the patients without kidneys.
This is presumed to be due to uptake of fluoride by bones. It was also
noted that patients with a low creatinine clearance had a low clearance
of fluoride ion. The authors reported a positive correlation between
age and serum inorganic fluoride concentrations in 24 hours. They
stressed the importance of uptake of the free fluoride by bone which
they hold responsible for the rapid fall of the inorganic fluoride ionm
concentration in serum, even in patients without kidneys or with poor
renal function.

RAARRkRARRhAhhhk

THE EFFECT OF MAGNESIUM AND FLUORIDE ON NEPHROCALCINOSIS
AND AORTIC CALCIFICATION IN RATS GIVEN HIGH SUCROSE
DIETS WITH ADDED PHOSPHATES

by

H. Luoma, T. Nuuja, Y. Collan, and P. Nummikoski
Helsinki, Finland

(Abstracted from Calcif. Tiss. Res., 20:291-302, 1976)
This study was prompted by the authors'objective "to find ad-

ditives to reduce the cariogenic properties of sucrose or sucrose-con-
taining foods'" which have minimal or no adverse effect on the human
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organism. In some rural districts in Finland with low concentrations

of fluoride and magnesium in drinking water the incidence of cardio-

vascular diseases in humans was much higher than indistricts with high

concentrations of the two elements in water. Previous studies also in-
dicated that excessive intake of phosphorus and a low magnesium con-

tent of the diet are conducive to ectopic mineralization of some in-
ternal organs. The authors purported to determine whether a combina-

tion of magnesium, orthophosphate and fluoride might reduce the inci-
dence of dental caries without giving rise to calcifications in other

organs, especially in the kidneys.

Two sets of experiments were carried out on 90 and 44 Osborne-
Mendel rats, respectively. Both groups received a high (67% and 66%)
sucrose diet designed to induce dental caries. In group I the total
magnesium content was 490 ppm, phosphorus 2800 ppm, and calcium 4300
ppm. The diet of group II contained 460 ppm magnesium, 7600 ppm phos-
phorus, and 8300 ppm calcium. Magnesium (20 ppm), fluoride (10 ppm),
phosphate mixture (2%Z), and the combinations magnesium-phosphates and
magnesium-phosphates-fluoride were added in the first experiment. The
second group received a 2% phosphate mixture, magnesium plus phosphate
(40 ppm), magnesium plus phosphates plus fluoride (15 ppm).

The diet of group I produced renal calculi (mainly in the tub-
ules of the loops of Henle) as well as dental caries. Fluoride added
to this diet reduced the severity of the nephrocalcinosis whereas added
magnesium failed to do so. Addition of both magnesium and fluoride
slightly reduced the formation of kidney stones. However, in the group
of experimental rats which had fewer kidney stones, they were larger
and more numerous than in controls. The control rats which received
solely the stock diet were free of kidney stones.

In group II,addition of phosphate alone increased significantly
the renal calcium content which was reduced by addition of a combina-
tion of magnesium and fluoride. Added phosphate also significantly in-
creased the calcium level of the aorta but the combination of magnesium

and fluoride countered this effect.

Thus the experiments confirmed that high phosphates promote
nephrocalcinosis in "low magnesium" rats which is countered by low (10
to 15 ppm) concentrations of dietary fluoride alone. However, a fluo-
ride concentration of about 50 ppm was toxic. Addition of magnesium
also induced a slight elevation of kidney potassium.

The authors concluded that the combination of fluoride and mag-
nesium tends to inhibit ectopic mineralization. They explained that
fluoride may maintain the plasma magnesium which in turn protects the
kidneys and heart from calcification.

dekdk ok ke ek ok k
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