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FLUORIDE INTOXICATION IN FISH: A REVIEW

W. F. SIGLER and JOHN M. NEUHOLD, Department of Wildlife Science,

Utah State University, Logan, Utah, U.S.A.

Abstract: A wide range of environmental and genetic factors cause fish to respond
differently to given levels of fluorides, but they do display characteristic fluoride
intoxication signs. Some of the variation can also be explained by postulating a
chloride-fluoride excretion mechanism over the epithelial tissues. Such a mechanism
would explain variations in toxicity correlated with different chloride concentrations
and the survival of natural populations of fish at fluoride concentrations which
are lethal under laboratory conditions.

FLUORIDE IN THE AQUATIC ENVIRONMENT

Fluorides are widely distributed in the
rivers, lakes, and seas of the world. The
U.S. Geological Survey’#{176} reports that
fluorides are common in the waters of
the United States, especially in the west.
Concentrations of 0.1 ppm are common
and concentrations exceeding 1.0 ppm
are not rare. Water samples from Walker
and Pyramid Lakes in Nevada contain
up to 13 ppm fluoride. The Madison and
Firehole Rivers in Yellowstone National
Park have fluoride concentrations rang-
ing from 12-14 ppm. Kobayashi5 reports
1.5 - 5.5 ppm of fluorides in wells in
Japan. The natural thermal waters of
New Zealand (pH 5-9) contain from

1-12 ppm of fluorides’.

Most of the fluorides occur naturally.
They are leached from fluoride, cryolite,
apatite, and sedimentary phosphate
rocks by precipitation and ground water.
Pollution, both aerial and hydric also
contribute fluoride to the aquatic en-
vironment.

Aquatic organisms would be expected
to contain fluoride concentrations pro-
portional to those in their environment.
Neuhold and Sigler’ reported mean
concentration up to 1600 ppm in the
bones of brown trout taken from the
Madison River system. Lee and Nilson”
recorded high concentrations of fluorides

in the bones of canned salmon and

mackerel. Similarly, Fisher’ noted high
concentrations of fluorides in fish meals
used in the manufacture of prepared
feeds.

FLUORIDE INTOXICATION

Signs of Fluorosis

Rainbow trout, carp and goldfish be-
come apathetic and evidenced anorexia
with the introduction of sodium fluoride
to their medium. Goldfish suffering from
anorexia lose weight8, go through a
period of violent movement which de-
grades into aimless wandering, and final-
ly lose their equilibrium. The loss in
equilibrium is accompanied by tetany
and ends in death. Mucus secretion in all
the fish tested increases with introduced
fluoride. The increased mucus secretion
is accompanied by proliferation of
mucus-producing cells in the respiratory
and integumentary epithelium’.

The embryos of rainbow trout display
much the same signs as adults when in-
toxicated with fluoride. Violent move-
ment within the confines of the egg often
cause the vitelline membrane to rupture

prematurely. This phenomenon frequent-
ly is followed by death and an immediate
coagulation of the yolk protein. Embryos
that survive a fluoride-induced prema-
ture emergence have a high incidence of
deformed spines’.

Blood Changes

Changes occur in the blood of rainbow
trout suffering from fluoride intoxica-
tiont. The level of total serum protein
appears to drop in both trout and carp
during intoxication’’. The gamma and
beta globulins specifically appear to
change. Both serum alkaline phosphatase
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activity and plasma magnesium levels
increase, while calcium decreases with
increasing fluoride concentrations.

Differentiation from Thermal Death

In thermal death, fish first show
marked apathy then loss of orientation
and equilibrium and finally gasping for
breath, reduction of swimming ability,
darkening of color, and then death. Oc-
casionally there is limited muscular con-
traction just before death. After death
the fish is limp. The difference in signs
between fluorisis and thermal stress is
that in the former, fish activity is much
more intense in the early stages; in the
final stage fluoride-induced death in-
variably results in some degree of tetany,
generally quite intense and the skin does
not discolor.

TOXIC LEVELS

The effects of fluorides in the environ-

ment, as reported by literature, all lead
to the conclusion that fluorides above
certain levels have a profound toxic ef-
fect on the physiology of animals.

The response of fish to moderate
fluoride concentrations (1.5 to 5.0 ppm)
is related to environmental acclimatiza-
tion and is species dependent. It is dif-
ficult to assign specific values as toxic
levels because so many factors in the

environment, including the physiological
state of the fish, the species, even the
race or strain, govern the response of
fish to intoxication. Various chloride
concentrations in the medium affect the
reactions of rainbow trout to fluorides’
Minnows subjected to simultaneously
raised concentrations of chlorides and
fluorides succumb to lower levels of
fluorides than do fish subjected to only

fluoride’. The amount of calcium in the
medium also affects fish response.
Higher than normal concentrations of
calcium in the medium or the food tend
to enhance the resistance of fish to
fluorides’.

The time necessary for rainbow trout

eggs to hatch decreases with an increase
in the concentration of fluoride in the
medium. It is concluded that larger fish,
subjected to a given level of fluoride,
tend to succumb last; that is, the larger
the fish the more resistant they are to
a given level of fluorides. The size of the
fish has an effect on the length of the
experiment only. No effect on the LD�*
or the sensitivity is apparent. The LDa
for rainbow trout, 10-20 cm in total
length, in a medium low in both calcium
and magnesium and at a temperature of
13C, is between 2.7 and 4.7 ppm. The
LD2, for small carp falls between 75 and
91 ppm of fluoride when the same low
calcium and magnesium concentrations

are present”.

increasing the temperature of the me-

dium increases the sensitivity of rainbow
trout to fluoride intoxication. This re-
lationship appears to be a function of
the metabolic rate, which increases with
temperature’. The relationship between
temperature and metabolism is one of
size and sensitivity of fish to fluorides.
Small rainbow trout and small carp ap-
pear to be less resistant to fluoride in-
toxication than large ones.

Fish populations vary widely with re-
spect to their ability to live in specific
concentrations of fluorides. Healthy,
growing populations of trout exist in the
Firehole River in Yellowstone National
Park where fluoride concentrations reach
14 ppm. The same is true of Pyramid
and Walker Lakes in Nevada where the
concentrations reach 13 ppm. Yet, rain-
bow trout that have been reared in low
concentrations of fluoride display LD�,
of approximately 3 ppm.

FLUORIDE UPTAKE

Fluoride uptake occurs in both soft
tissues and bone in carp, goldfish and
rainbow trout. The uptake in muscle
tissue is highly variable and can be ascer-
tamed only between extremes. Osseous
tissues are particularly good indicators of

#{149}The LDa, is the dose lethal to 50 percent of the experimental animals. The dosage schedule is

predetermined. Although the time is not predetermined, experiments are generally terminated
between 48 and 240 hours.
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uptake of fluoride. Fish collected from

the Madison River system showed a

positive correlation between bone fluor-

ide concentration and size of fish.

Goldfish subjected to chronic levels

for 90 days accumulated fluoride at a

rate similar to those for carp under acute

levels”’. The rate of uptake from the
medium and its incorporation into the

hone is by an apparent second order

mode, suggesting active transport’. Fluor-
ide concentration in the tissue is directly
correlated with the amount of fluoride
in the medium and with the duration of
exposure. Fluorides accumulate more
readily in osseous tissues’. When goldfish
were subjected to low concentrations of
fluorides (0.34-2.95 ppm) in soft water
for 90 days there was an increase in

bone fluoride concentration that correla-

ted with both the median fluoride con-

centration and the duration of exposure’.

TISSUE CHANGES

In one experiment, the epithelium of

the gill filaments of rainbow trout dis-

played an increase in population density

of mucus-producing cells from 0.31 at
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0.0 ppm fluoride to 0.52 at 25.0 ppm
fluoride. The epithelial tissue in the head
regicn of rainbow trout fry subjected to
two ranges of fluoride concentrations (0
to 25 ppm and 250 to 335 ppm) also
indicated an increase in mucus cells. The

tissue upon which these population den-

sity determinations were made was in-
tegumentary epithelial tissue located

between the eyes’.

Aside from the accumulation of fluor-

ides in the tissues, other changes occur

as well. The ultimobranchial gland
(parathyroid function) hypertrophied in
trout subjected to high levels of fluor-

ide’’. In the gill lamellae of goldfish, an
edematous condition of the epithelium

(described as a focal, non-specific, cyto-

plasmic enlargement, with the nuclei of
the cells remaining unchanged) also
occurs during fluoride intoxication’. If
the mucus cells in the epithelium are

assumed to act as a fluoride secretion
mechanism, and if their proliferation is
assumed to be a function of the fluoride
concentration in the blood, the tendency

would be toward an increased concen-
tration of blood fluorides with increased
concentration of medium fluoride.
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