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Rationale of the treatment of hydrofluoric
acid burns
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Carney, Shirley A., Hall, M., Lawrence, J. C., and Ricketts, C. R. (1974). British Journal
of Industrial Medicine, 31, 317-321. Rationale of the treatment of hydrofluoric acid burns. On
contact with skin hydrofluoric acid yields hydrogen and fluoride ions, which exhaust the
tissue's buffering capacity. Fluoride was found to be toxic to skin cells, as judged by the
accumulation of 3-phosphoglycerate (3-PG), at about 2 x 10-3 mol/l fluoride ion in the med-
ium on which skin slices were maintained. This toxicity was reversible by the dilution brought
about by transfer of the skin to a fresh medium; 3-PG levels fell and tetrazolium reductase
measurements showed adequate viability. Using a specific ion electrode for fluoride, the
efficacy of calcium, magnesium and lanthanum salts and hyamine in lowering fluoride ion
concentration in the presence of serum was examined. Lanthanum was the most effective
but was itself toxic to skin cells as judged by respiration and tetrazolium reductase measure-
ments. Calcium appeared more effective as chloride than as gluconate. Magnesium and hya-
mine were ineffective under the conditions of experiment.

In the presence of serum, calcium gluconate is only just capable of lowering the concentra-
tion of fluoride ions to the level at which their toxic effect is negligible. The importance of
rapid removal of hydrofluoric acid from the skin surface as a first-aid treatment is emphasized.

Hydrofluoric acid (HF) in its anhydrous form and in
concentrated aqueous solution is highly corrosive
towards most organic materials including body
tissues. It has a wide range of uses which give rise
to a small but steady stream of HF burns requiring
treatment. The objectives of such treatment were
clearly set out by Dibbell and his co-workers (1970),
who stated that 'proper therapy of hydrofluoric acid
burns should accomplish dilution and neutralisation
of the acid, and then precipitation and elimination of
the free fluoride ions'. Copious washing of the
affected area is an obvious first-aid measure, and
this is particularly important in the case ofHF burns
since the properties of the acid derive in part from
complex ions which are not present at concentrations
below 10 g/100 ml (Banks and Goldwhite, 1966), i.e.,

dilution of the acid also converts it to a chemically
less dangerous form.

Untreated HF burns show a progressive necrosis,
often resulting in permanent tissue loss. This effect
has been attributed to the toxicity of fluoride ions
which have permeated the tissues as a result of the
penetrating power of the acid. Calcium and mag-
nesium form relatively insoluble fluorides and are
used in the treatment of HF burns to convert free
fluoride to insoluble and non-toxic forms. Where
burns have been produced by hydrofluoric acid of
20 g/100 ml concentration or above, Iverson, Laub,
and Madison (1971) recommend subcutaneous in-
filtration of the affected area with 10 g/100 ml
calcium gluconate solution. They reported that of 28
cases given this treatment only one showed progres-
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sive tissue damage. An alternative treatment by
rubbing in a gel containing calcium gluconate has
recently been described by Browne (1974, in press).
The purpose of the present paper is to examine the
biochemical basis of treatments such as this which
aim to minimize the toxicity of the fluoride ion.

Materials and methods

The experimental system used consisted of freshly excised
guinea-pig ear skin incubated at 37°C on a medium
described by Cruickshank and Lowbury (1952). Varying
amounts of fluoride were added to the medium either as
sodium fluoride or hydrofluoric acid, and final concentra-
tions were measured with a specific ion electrode (Orion
Research Inc.) in conjunction with a calomel electrode
and Radiometer pH meter model 26. In most experiments
the skin samples were incubated for 24 hours. After this
time some samples were used for measurements of
damage caused by fluoride. Others were given treatment
to counteract the effects of fluoride, either by transfer to
fresh fluoride-free medium or by the addition of fluoride-
binding compounds to the original medium. Incubation
was continued for a further 24 hours, and damage
attributable to fluoride was measured in these samples.

Inhibition of enolase activity by fluoride results in
the accumulation of3-phosphoglycerate(3-PG)(Wiseman,
1966). Skin samples were homogenized with 0-6 mol/l
perchloric acid solution in a glass tissue grinder. Homo-
genates were centrifuged and 3-PG was determined by
ultraviolet spectrophotometry using test kits (Boehringer).

Respiration of skin was measured by the method of
Cruickshank (1954).

Tetrazolium reductase activity was measured by the
2,3,5-triphenyltetrazolium chloride (TTC) reduction
method of Hershey, Cruickshank, and Mullins (1958).
Extinction coefficients of solutions of reduced TTC were
measured at a wavelength of 490 nm. Results were
expressed as extinction coefficient (E490)/ml per 10 mg
fresh weight of skin.

Results

The mean 3-PG level in guinea-pig ear skin was
0109 Htmole per gram fresh weight of skin. After
incubation on a serum medium for 24 hours the
3-PG level was 0 050 ,umole per gram fresh weight.
Figure 1 illustrates the rise in 3-PG levels indicative
of poisoning of the skin cells by fluoride ions. This
occurred at about 2 x 10-3 mol/l fluoride in the
medium on which the skin was maintained. The
effects of fluoride in inhibiting oxygen uptake and
tetrazolium reductase activity are shown in Tables
1 and 2.
Having established fluoride concentrations in-

hibitory for enolase, it was necessary to determine
whether this inhibition could be reversed by removal
of fluoride by washing. Skin samples incubated for
24 hours on medium containing inhibitory concentra-
tions of fluoride were transferred to fresh fluoride-
free medium for a further 24 hours incubation
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FIG. 1. 3-Phosphoglycerate levels in guinea-pig skin
maintained for 24 hours on a serum medium to which
sodium fluoride had been added.

TABLE 1
OXYGEN UPTAKE OF GUINEA-PIG EAR SKIN
INCUBATED AT 37°C FOR 24 HOURS ON MEDIA

CONTAINING NaF

Fluoride added to Inhibition of O'
Sample medium uptake

(mol,/) %

1 0-24 x 1O-3 23-0
2 2-40 x 10-3 30-0
3 4-80 x 10-3 64-0
4 7-20 x 10-3 83-0
5 9-60 x 10-3 92-0
6 12-00 x 10-3 94-0
7 24-00 x 10-3 92-0

TABLE 2
REDUCTION OF 2,3,5-TRIPHENYLTETRAZOLIUM

CHLORIDE BY GUINEA-PIG SKIN AFTER
INCUBATION ON MEDIA CONTAINING NaF

Measuredfluoride Mean E490/10 mg
Sample concentration in fresh weight ± Inhibi-

medium (molll) SEM (no. of tion
experiments) %

1 0 0-99 0-03 (3) 0
2 1 x 10-8 0-52 ± 0-07 (3) 47-5
3 3 x 10-3 0-31 0-04 (3) 68-7
4 5 x 10-3 0-31 0-03 (3) 68-7
5 10 X 10-3 0-02 0-006 (3) 78-8

period. The results obtained are shown in Table 3
and it can be seen that the 3-PG levels were reduced
to normal by this process.
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TABLE 3
REVERSAL OF FLUORIDE-INDUCED 3-PG
ACCUMULATION IN GUINEA-PIG SKIN BY

TRANSFER OF SKIN TO FRESH FLUORIDE-FREE
MEDIUM

Mean pLmole
Sample Treatment 3-PG/g fresh

weight (2
experiments)

1 4 hr 37'C on medium containing
2-0 x 10-3 mol/l NaF 0 44

2 As above, then 24 hr 37'C on fresh
fluoride-free medium 0-06

3 24 hr 37'C on medium containing
2-0 X 10-3 mol/l NaF 0-61

4 48 hr 37'C on medium containing
2-0 x 10-3 mol/l NaF 0-46

5 24 hr 37'C on medium containing
2-0 x 10-3 mol/l NaF, followed
by 24 hr 37°C on fresh fluoride-
free medium 0-12

Washing, however efficient, can remove fluoride
only from the surface of an HF burn. If calcium
compounds are injected into tissues to inactivate
fluoride ions, calcium fluoride remains in situ. Skin
samples were incubated for 24 hours in the presence
of inhibitory concentrations of fluoride. The fluoride
concentration of the medium was then reduced to a
non-inhibitory level by the addition of calcium
chloride, and the incubation was continued for a
further 24 hours. Table 4 shows that this procedure
was also successful in reducing 3-PG levels to within
the normal range.

TABLE 4
REVERSAL OF FLUORIDE-INDUCED 3-PG
ACCUMULATION IN GUINEA-PIG SKIN BY

ADDITION OF CaC12 TO MEDIUM

Mean ,umole
Sample Treatment 3-PG per gram

fresh weight 1±
SEM (no. of
experiments)

1 24 hr 37°C medium contain-
ing 2-0 x 10-3 mol/l HF 0-56 ± 0 04 (3)

2 24 hr 37'C medium contain-
ing 2-0 x 10- mol/l NaF,
followed by 24 hr 37'C on
the same medium treated
with CaCl2 0-21 + 0-04 (3)

3 48 hr 37'C on fluoride-free
serum medium 0-22 ± 001 (3)

The 3-PG values of samples 2 and 3 are each significantly
different from that of sample 1. There is no significant
difference between the 3-PG values of samples 2 and 3.

The viability of skin samples in which enolase
inhibition by fluoride had been reversed was assessed
by tetrazolium reductase measurements. Viable cells
reduce the dye to its red form; non-viable cells lead
to smaller values of E4s9o. The values for tetrazolium
reductase activity presented in Table 5 suggest that
calcium chloride and calcium gluconate are non-
toxic to skin in vitro and that skin viability is unim-
paired by their use in counteracting fluoride.
Lanthanum chloride impaired the tetrazolium re-
ductase activity of skin both when used alone and
when used to counteract fluoride. This effect was

TABLE 5
2,3,5-TRIPHENYLTETRAZOLIUM REDUCTION BY GUINEA-PIG SKIN AFTER INCUBATION ON MEDIA

wiTHoUT FLUORIDE, wrriH FLUORIDE, OR wiTH FLUORIDE AND A NEUTRALIZING AGENT

Incubation conditions E490/10 mg ± SEM
(no. of experiments)

Fluoride concentration lowered by CaC12 addition:
A Serum medium 48 hr ... .. .. 033 + 0-06 (3)
B Serum medium 24 hr + CaCl2 24 hr .. .. 039 + 003 (3)
C Serum medium + F' [2-9 x 10-3 mol/l] 48 hr .. .. .. .. .. .. 025 ± 002 (3)
D Serum medium + F' 24 hr + CaCl2 24 hr .. . .. . .. .... 0-29 + 0-01 (3)

Fluoride concentration lowered by Ca gluconate addition:
A Serum medium 48 hr .. .. .. .. .. 0*22 i 001 (3)
B Serum medium 24 hr + Ca gluconate 24 hr .. .. .. .. .. 0-40 + 0-16 (2)
C Serum medium + F' [2 25 x 10-3 mol/l] 48 hr .. .. .. .. .. 0-29 ± 0-02 (3)
D Serum medium + F' 24 hr + Ca gluconate 24 hr .. .. 059 0-02 (3)

Fluoride concentration lowered by LaC13 addition:
A Serum medium 48 hr .. .. .. .. .. .. .. .. .. .. 0*54 + 0-06 (3)
B Serum medium 24 hr + LaCl3 24 hr .. .. .. .. .. .. .. 0*11 + 0-05 (3)
C Serum medium + F' [1-9 x 10-3 mol/l] 48 hr .. .. .. .. .. .. 0*50 i 0-13 (3)
D Serum medium + F' 24 hr + LaCI3 24 hr .. .. .. .. .. .. . 0 21 + 008 (3)
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further investigated by oxygen uptake and tetra-
zolium reductase measurements. Table 6 shows that
at concentrations equivalent to the toxic concentra-
tion of fluoride ions, circa 10-3 mol/l, lanthanum
ions have adverse effects upon the respiration and
viability of skin cells.

TABLE 6
EFFECT OF LANTHANUM CHLORIDE ON SKIN CELLS

Measurement Lanthanum chloride
concentration

Respiration .. .. ED50 3-5 x 10-3 mol/l
ED30 2-7 x 10-3 mol/I

Tetrazolium reductase EDr0 1.9 x 10-3 mol/l
ED30 1-4 x 10-' mol/l

A calibration curve of fluoride ion concentration
in 0- 154 mol/l sodium chloride solution was prepared
in accordance with directions supplied with the
electrode, since measurements would normally be
made close to this ionic strength. The theoretical
slope of 59 millivolts per tenfold change of fluoride
ion concentration was obtained down to 10- mol/l
fluoride. When 10 ml 0 1 mol/l fluoride in 0 154 mol/l
sodium chloride solution was titrated with 0-1 mol/l
MgCI2, 0-1 mol/l CaCI2, or 0-067 mol/l LaCl3 the

10'

2 1oN c
0~~~~~~~~~~~aI srm)

ml

curves shown in Fig. 2a were obtained. When the
fluoride was titrated in the presence of serum the
concentration of fluoride ions remained higher, even
in the presence of excess calcium or lanthanum. As
might be expected from the higher solubility of its
fluoride, magnesium was less effective in lowering the
concentration of fluoride ions than calcium. Calcium
gluconate was less effective in lowering the con-
centration of fluoride than calcium chloride Para-
doxically, the presence of serum slightly improved
the effectiveness of calcium gluconate (see Fig. 2b).
Hyamine, which is presumably used for its detergent
action, was without significant effect on fluoride ion
concentration.

Discussion

In attempting to decide whether or not current
treatments for hydrofluoric acid burns are rational,
three questions need to be answered: (1) What are
the biochemical effects of fluoride and at what con-
centrations are these effects produced? (2) Can the
treatments in use lower fluoride concentration to
non-toxic levels? (3) If current treatments can lower
fluoride concentrations to non-toxic levels, are the
biochemical lesions reversible?
An assessment of the threshold concentration for

fluoride toxicity towards skin cells has been made
using the activity of the glycolytic enzyme enolase as
an index. This enzyme is essential to the energy

b

-62
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E

. Co gluconate (serum):2 15

4 6 8 IC

FIG. 2. (a) 10 ml 0 1 mol/l sodium fluoride in 0 14 mol/l sodium chloride solution titrated with 0 I mol/I MgCIl, 0 1
mol/l CaCI2, or OO67 mol/l LaClI alone or in the presence of serum. (b) 10 ml 0-1 mol/l sodium fluoride in
0-14 mol/l sodium chloride solution titrated with 01 mol/I Ca gluconate alone or in the presence of serum.
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metabolism of the cells. Our own experiments and
other data confirm that inhibition of enolase is
reversible and can be reversed by lowering the con-
centration of the inhibiting fluoride by means of the
agents commonly used in the treatment of hydro-
fluoric acid burns.

It remains to be considered whether the informa-
tion obtained by experiments in vitro is likely to
apply in vivo. Iverson et al. (1971) recommended that
when injection of 10% calcium gluconate is used in
the treatment of hydrofluoric acid burns 0-5 ml
should be infiltrated per square centimetre ofexposed
tissue. This quantity of 10% calcium gluconate
would neutralize 0.025 ml of 20%, i.e., 10 mol/l
hydrofluoric acid. This may well be all that would
remain below 1 square centimetre of skin if initial
washing was efficient and a reservoir of concentrated
acid was not allowed to remain on the surface. If this
is the case then it is likely that hydrofluoric acid
concentrations remaining in skin are not far above
the toxic threshold and that 10% calcium gluconate
injected in the recommended amount, or the use of
calcium gluconate gel therapy, is sufficient to tip the
balance and prevent necrosis.
Although lower concentrations of fluoride ions

might theoretically be attained by injection of
lanthanum chloride solution in place of calcium
gluconate, our experiments indicate that local toxic
effects due to the lanthanum might occur.
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