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ABSTRACT

I nt roducti on: Hexaf | uori ne is a novel eyel/skin
decont am nati on conpound produced by Laboratoire PREVOR
in France. It is an anphoteric, hypertonic chelating
agent specifically designed to detoxify hydrofluoric
acid (HF). Hexafluorine has chem cal bond energy
greater than those of eye/skin tissue receptors and
does not produce a significant exotherm c reaction with
release of heat which could further damage exposed
ti ssues. Case Reports: 1) a worker fell into a bath
containing 1,505 L of water, 30 L of concentrated
hydrochloric acid, and 233 L of 59% HF, imrersing the
entire body and face. Hexafluorine was i medi ately
used for decontam nation by co-workers and a regular

water eyewash was also used. Only mnor burns
devel oped on the back and abdonen. There was a
significant corneal burn of the left eye, while the
right eye remained normal. 2) In a facility producing

stainless steel for <construction and machine tools
whi ch uses a chem cal dipping bath containing nitric
and hydrofluoric acids, a worker sustained an eye
splash with 38% HF, rinsed the eye imediately wth
Hexafluorine ,did not develop any eye injury, and
returned to work the next day. 3-5) 3 other cases of
workers with 20% HF skin splashes who did not devel op
any burns after decontam nation with Hexafluorine have
been reported to Laboratoire PREVOR Di scussi on:



Hexaf l uorine has been conpared with plain water and
cal ci um gl uconate decontam nation in rabbits and rats,
and was nore efficacious. Water rinsing at 10 L/ m nute
for 5 mnutes was not effective, and water rinsing plus
cal cium gluconate inunction was not as efficacious as
Hexafluorine , which has an affinity for hydrogen and
fluoride ions approximately 100 tines as great as that

of calcium gluconate in vitro. Concl usi on
Hexaf | uori ne is currently the best alternative for
decont am nati on of HF eye/skin spl ashes.
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| NTRODUCTI ON
Hydrofluoric acid (HF) is an aqueous solution of
hydrogen fluoride (Hathaway et al 1996). Hydr ogen

fluoride is a gas which liquifies at 19.5 degrees C
(Hat haway et al 1996). HF

has a wide variety of industrial applications including
use as a catalyst for producing high-octane gasoline,
in the production of fluoride conpounds, for renoving
sand from netal casings in the petroleum industry, as
the aqueous form for polishing, etching, and frosting
gl ass, in the ceramcs industry, and in the
sem conductor industry for etching silicon wafers
(Hat haway et al 1996; El Saadi et al 1989; Upfal and
Doyl e 1991). Dilute solutions containing 6-11% HF are
al so avail abl e as consuner products for renoval of rust
stains (El Saadi et al 1989).

Hydrofluoric acid in anhydrous or concentrated
forms is a severe corrosive substance, but is a weak
acid which remains relatively non-ionized in dilute
solutions and rapidly penetrates lipid barriers into
deep tissue layers follow ng skin or eye contact (Upfal
and Doyl e 1991; Carlton and Vance 1998). Hand injuries
are particularly problematic, as fingertip ulceration,
di ssol ution of underlying bone, and even loss of digits
may occur

Severe signs and synptons or deaths are generally
due to the systemic toxicity of HF which binds to
cal cium and magnesium resulting in hypocalcema and
hypomagnesem a causi ng | i fe-threatening cardi ac
conduction disturbances, dysrhythmias, and cardiac
arrest (Upfal and Doyle 1991; El Saadi et al 1989;
Edel man 1986; Mayer and G oss 1985). In addition,



significant hyperkal emi a and netabolic acidosis |eading
to cardiac arrest and other systemc effects have been
reported in fatal exposure cases (Tepperman 1980; Chan
et al 1987). For HF dermal or eye exposures, a nunber
sources recommend imrediate and prolonged initia
irrigation with water for 15 to 30 mnutes (ElIenhorn
1998; Carlton and Vance 1998; Upfal and Doyle 1991,
Edel man 1986; N OSH 1997). However, the novel HF
decontam nati on conpound Hexafl uorine produced by
Laboratoire PREVOR in France may be a nuch nore
efficacious alternative. Hexaf | uori ne is an
anphoteric, hypertonic chel ating substance specifically
designed to decontam nate HF. It has chem cal bond
energy for HF greater than those of eye/skin tissue
receptors and does not result in a significant
exothermc reaction with release of heat which could
further injure exposed tissues.

MATERI ALS AND METHODS
CASE REPORTS

Case No. 1:

A worker fell into a bath containing 1,505 liters of
water, 30 liters of concentrated hydrochloric acid, and
233 liters of 59% HF, immersing the entire body and
face. Hexaf | uori ne was i mredi ately used for
decontam nation by co-workers and a regular water
eyewash was al so used. Only mnor burns devel oped on
the back and abdonen. There was a significant corneal
burn of the left eye, while the right eye remined
nor mal .

Case No. 2:

In a facility pr oduci ng st ai nl ess st eel for
construction and machine tools which uses a chem cal
di pping bath containing nitric and hydrofluoric acids,
a worker sustained an eye splash with 38% HF, rinsed
the eye immediately with Hexafluorine , did not devel op
any eye injury, and returned to work the next day.

Case Nos. 3-5:

Three other cases of workers exposed to HF and
decontam nated with Hexafl uorine have been reported to
Laboratoire PREVOR (Josset et al 1992). Al three
wor kers had skin splashes with 20% HF involving |ess
than 5% of the total body surface area. Wen inmediate
Hexaf | uorine decontam nation was done, no burns



devel oped.
I N VI TRO DATA

To sinmulate the effects of decontam nation wthout
flushing, 10 milliliters of 0.1 Normal HF (0.2% were
pl aced in a beaker and water, 10% cal ci um gl uconate, or
Hexaf | uori ne were added (Josset et al 1992). The pH and
pF (pF = negative logarithm of +the fluoride ion
concentration) were neasured.

Water had little effect on either pH or pF.  Both
cal cium gluconate and Hexaf | uorine  absorbed or
neutralized the hydrogen ion, although Hexafluorine
bound the hydrogen ion 100 tinmes greater than cal cium
gluconate (final pH was 6.5 with Hexafluorine versus
4.5 with cal cium gluconate). As the causticity limt of
hydrogen ion is approximately pH 5.5, caustic injury
may still occur despite cal cium gluconate use.

After calcium gluconate addition to the beaker, the
final pF was 3. Wth Hexafluorine addition, the fina

pF was 6. As the toxicity Iimt is a pF of less than
or equal to 5, fluoride tissue toxicity may occur
despite use of calcium gluconate but should not occur
foll ow ng use of Hexafluorine .

EXPERI MENTAL ANI MAL DATA

In the followi ng experinments, all applicable ethical

research standards and regul ati ons pertaining to ani nal

experinments (anesthesia, hygienic conditions, aninal

mai nt enance) were followed (Josset et al, 1992). I n
both studies, 70% hydrofluoric acid (Atochem) was
utilized.

Rabbi t s

In 120 New Zeal and al bino white rabbits divided into 6
groups of 20 rabbits each, three types of irrigation
were tested followi ng burns created by application of a
1 centineter diameter piece of filter paper saturated
wth 70% HF (less than 1% total body surface area).

After application of the HF-saturated filter paper,

irrigation with water at an approxinmate rate of 10
liters/mnute for 5 mnutes, irrigation with water at

a rate of approximately 10 liters/mnute for 3 mnutes
followed imrediately by inunction of 2.5% calcium
gluconate gel, or irrigation with Hexafluorine at a
rate of approximately 0.2 liter/mnute for 3 mnutes
(500 milliliters over 3 m nut es) wer e done.



bservations of the exposed areas were nade at 10
m nutes, 1 hour, 2 hours, and then every 24 hours for 6
days. Burns were classified as no burn, visible burn,
ext ensi ve burn, or severe burn.

Wth water irrigation alone, burns were visible at 10
m nutes, extensive at 1 hour, and severe at every
observation point from 2 hours through day 6. Wth
water irrigation plus 2.5% calcium gluconate ge

i nunction, there were no burns at 10 m nutes, 1 hour,
or 2 hours, but burns were visible on days 1 and 2, and
were extensive on days 3 through 6. Wth Hexafluorine
irrigation, there were no burns at any observation tine
from 10 m nutes through day 6. Rats.

In this experinent, 62 adult nmale Charles River Wstar
rats were divided into groups of 20 aninmals each (2
unexposed control s) and had bur ns i nduced by
application of a 1 centimeter square piece of filter
paper saturated with 70% HF (0.6% of total body surface
area). Fol l owi ng HF application, 20 treatnent aninmals
in each group then had one of the 3 types of
decont am nati on descri bed above. Serum cal cium | evel s
were sequentially nmeasured to determne if hypocal cem a
occurred and if there were differences in the pattern
over tinme in animals having the three different types
of decontam nati on.

Wth water irrigation alone and water irrigation plus
cal cium gluconate inunction, hypocalcema was present
between 10 m nutes and 1 hour, and at 4 hours there was
a nore pronounced hypocalcema which had sonewhat
resolved at 24 hours. Serum calcium levels then
returned to normal over 5 days. Wth Hexafluorine
irrigation, the nore pronounced decrease in serum
calcium |l evel s was not observed at 4 hours and |evels
were simlar to control values at 5 days.

DI SCUSSI ON

In 1997, 1,109 cases of hydrofluoric acid exposure were
reported to Poison Control Centers in the USA (Litovitz
et al 1998). The majority of exposed persons were
adults (864/1, 109; 78% and nbst exposures were
uni ntentional (1,091/1,109; 98%. O these patients,
658 (59% were treated in a health care facility, 772
(70% devel oped synptonms ranging from mnor to severe,
and there were 2 deaths.

The rapidity of synptom onset follow ng dermal exposure
i s dependent on the HF concentration. Der mal exposure



to solutions of less than 20% concentrati on sonetines
results in a delay in synptom onset of up to several
hours (El Saadi et al 1989). The risk of severe
system c effects seens greatest with exposure to 50% or
greater concentrations of HF on 1% of the total body
surface area or nore and any dernmal exposure on greater
than 5% of the total body surface area (Upfal and Doyl e
1991).

Once HF skin burns have developed, a variety of
treatnments have been advocated including inunction of
cal cium gl uconate gel, topical application of nmagnesi um
oxi de paste, iced benzal koni um chl ori de soaks, and nore
i nvasi ve treatnents such as |ocal injection of calcium
gl uconate, surgical excision of effected areas and
r emoval of fingernails if subungual exposure is
present, and intravenous (using the Bier bl ock
technique) or intra-arterial admnistration of calcium
gl uconate (for finger/hand burns) (Browne 1974; Edel man
1986; El Saadi et al 1989; Upfal and Doyle 1991; Henry
and H a 1992; Siegel and Heard 1992; Vance et al 1986;
Vel vart 1983). O her surgical burn care nay also be
requi red (Browne 1974; Upfal and Doyle 1991).

Allowng an HF dermal burn to develop followng
exposure results in patient disconfort or pain, often
severe (Carlton and Vance 1998). System ¢ absorption
of nore concentrated HF solutions may result in life-
threatening toxicity (Upfal and Doyle 1991; El Saadi et
al 1989; Chan et al 1987; Edelman 1986; Tepperman
1980). The above treatnents can be used safely, but
have potential conplications. Beyond safety neasures
to prevent HF skin splashes from occurring, inmediate
skin decontamnation wth the nost ef ficaci ous
decont am nati on sol ution avail abl e shoul d be done.

Eye exposure to HF may result in initial |acrimtion,
conjunctival irritation, and pain. Subsequent tissue
penetration may result in severe damage with corneal
erosions and necrosis, corneal opacification, and
corneal vascularization and scarring; penetration of
the gl obe may sonetines occur (Carlton and Vance 1998;
Sadove et al 1990; Bentur et al 1993; MCulley et al
1983; Hat ai et al 1986) . Water irrigation and
irrigation with calcium gluconate solutions have been
proposed (Upfal and Doyle 1991; Bentur et al 1993).
Prevention with safety nmeasures is inperative, but when
spl ashes do occur imediate irrigation with the nost
effi caci ous decontam nation solution available should
be done.



CONCLUSI ON

Based on the data presented here, Hexafluorine appears
to be the nost efficacious conmpound currently avail abl e
for immediate decontam nation of hydrofluoric acid
eye/skin splashes and can prevent or significantly
decrease the extent of HF burns.
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