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First aid for a unique acid, HF:

A sequel

By Eileen B. Segal

NEWS REPORT

ctober 22, 1999: Robert Belk,

a 48-year-old business owner,

died at Grady Memorial Hos-
pital after an exposure to hydrofluoric
acid. Belk owned a company called
Chemical Packaging near Atlanta,
GA, which produced solutions for
high-pressure washing. At the time of
the accident, Belk was mixing a solu-
tion when a hose slipped out, saturat-
ing his clothes with 70% hydrofluoric
acid. He hosed off with water, but
rather than have his secretary call the
paramedics, he drove himself to the
hospital! Burns were found on both
lower legs and his left arm, but it was
the HF which went through his skin
that caused his death the following
day from respiratory and heart fail-
ure.’!

The above accident, which occurred
just before submission of this paper,
illustrates a dire consequence of work-
ing with hydrofluoric acid without
awareness of its extreme hazards and
lack of preparedness. From the nu-
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merous queries I personally have re-
ceived after publication of my first pa-
per in 1998,2 I conclude that there are
still many more who could use infor-
mation. And from a recent spate of
inquiries on the SAFETY listserve, it
appears that many have not estab-
lished a protocol for HF exposure or
heard of the current recommended
methods of treatment. So a review/
update to my first paper seems appro-
priate. In this sequel I want to discuss:

I. Review of HF hazards
II. Emergency procedures
III. Treatments
IV. 5 vs. 15 minutes of irrigation
V. Current status of Hexafluorine

I. REVIEW OF HF HAZARDS

Hydrofluoric acid (CAS 7664-39-3) is
a high-volume chemical used in at
least eight industries (see Figure 1),
with production of 375,000 tons in
1998 and demand estimated to be
400,000 tons in the U.S. in 2002.3 It is
considered more hazardous than most
chemicals in five out of six ranking
systems*; it is ranked as one of the
most hazardous compounds (worst
10%) to human health. Ray Campbell,
REA, CCHO, at Varian, Inc., de-
scribed his HF injury as “the most
painful, disabling, scarring, long-term
injury I have ever seen, and I am a
Vietnam veteran.” Concentrated HF
covering 2% of the body can be fatal.

HF is a colorless, fuming liquid or
gas with a strong, irritating odor. In
concentrated forms it is a strong pro-
tonic acid, whereas dilute solutions
are weak acids (pK, = 3) that remain
relatively nonionized but can pene-
trate the stratum corneum, the tough
waterproof outer skin layer of dead

cells, and penetrate deep into tissue
layers.®> Once absorbed HF dissociates
rapidly at the physiological pH of 7.4.

HF - H* + F~

Toxic systemic effects occur when the
electron-hungry fluoride ion pene-
trates and migrates into tissue to bind
primarily with calcium, but binding to
magnesium, sodium, and potassium
can also occur.

Ca?" + 2F — CaF,
Mg?* + 2F~ + — MgF,

Without enough calcium (hypocalce-
mia) and magnesium (hypomagnesia),
nerves fail and cell membranes col-
lapse. In addition, excess potassium
(hyperkalemia) can occur, which can
lead to life-threatening cardiac arryth-
mias (ventricular fibrillation). The ad-
verse effects can progress for several
days after exposure.

Surface involvement of weak solu-
tions is minimal and may even be ab-
sent. Burns to the fingers and nail
beds may leave the overlying nails in-
tact. An insidious hazard is the fact
that dilute solutions are indistinguish-
able from water.

The time to onset of symptoms is
related to the concentration of the HF:

e At concentrations >50%: immedi-
ate burns appear with rapid destruc-
tion of tissue as noted by a whitish
discoloration, usually proceeding to
blisters, accompanied by severe
pain. The pain is typically described
as “deep,” “burning,” or “throb-
bing,” and often out of proportion to
apparent skin involvement.

e At concentrations between 20 and
50%: burns can be delayed 1 to 8 hr.
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Hydrofluoric Acid

Molecular weight: 20.0 daltons

Boiling point

Specific gravity
Vapor pressure
Vapor density 0.7 (air = 1)

Nonflammable

hydrogen fluoride, fluoric acid, hydrofluoride,

CAS No. 7664-39-3
UN 1052 (anhydrous)
UN 1790 (solution)
Synonyms:
fluorine monohydride
OSHA PEL 3 ppm
Description: colorless gas or fuming liquid

disagreeable, pungent odor at <1 ppm
irritation of eyes and throat at 3 ppm

68°F (20°C) at 760 mmHg
0.99 at 19°F (—7°C)
400 mmHg (34°F)

Miscible with water with release of heat

e At concentrations <20%: painful
erythema may be delayed for up to
24 hr. Redness, burning, or pain
may not show up until several min-
utes or even hours have elapsed.
Thus the surface area of the burn is
not predictive of effects.

Il. EMERGENCY PROCEDURES
Standard first aid for most corrosives
is to flush the exposed area with water
for 15 min. Then treatment by a pro-
fessional can be administered. How-
ever, because of the dire conse-
quences of HF exposures, the
following first aid is recommended
(based mainly on procedures used by
AlliedSignal®).

A. Skin Contact
1. Immediately (within seconds)

shower or flush with plenty of wa-
ter.

2. Remove all clothing while in the
shower (remove goggles last; dou-
ble-bag contaminated clothes).

3. If 2.5% calcium gluconate gel or
0.13% benzalkonium chloride is
available, rinsing may be limited
to 5 min [this is sufficient time to
effectively remove HF from the
skin; additional flushing time is
unnecessary and will delay fur-
ther treatment]. If neither neu-
tralizing agent is on hand, con-
tinue to flush until medical help is
available.

4. Continue with either step a or step b.
a. Apply calcium gluconate gel

(2.5%) while wearing impervi-
ous gloves. Massage the gel
promptly and repeatedly into
burned area until pain is re-
lieved. If pain does not subside
within 20 to 30 min, injections
of 5% calcium gluconate by a
professional may be needed.

b. Immerse affected area in iced
0.13% benzalkonium chloride
(Zephiran). Use ice cubes, not
shaved ice in order to prevent
frostbite. If immersion is not
practical, use towels soaked
with iced 0.13% benzalkonium
chloride as compresses for the
burned area. Change com-
presses every 2 to 4 min. Con-
tinue until pain is relieved (this
may require hours).

. Get medical help.

m O

. Breathing Vapor

—_

. Immediately get to fresh air.

. Call or have someone call a physi-

cian.

3. Breathe 100% oxygen (10 to 12
L/min flow rate) as soon as possi-
ble.

4. Trained personnel should provide
calcium gluconate (2.5%) by nebu-
lizer.

5. Get medical attention.

N

C. Ingestion

1. Drink large amounts of water. Do
not induce vomiting or administer
activated charcoal.

2. Drink several glasses of milk or
several ounces of milk of magnesia,
Mylanta, Maalox, or similar prod-
uct, or up to 30 Tums, Caltrate, or
other antacid tablet.

3. Get immediate medical attention.

D. Eye Contact

Because of the ability of HF to pene-
trate deep into tissue, exposure of HF
solution or vapor to the eye can pro-
duce more extensive damage than that
of other acids in similar concentra-

Industry
Electroplating
Etching
Flotation Agents

Integrated Iron and Steel Manufacturing

Laboratory Chemicals
Oil Refineries
Refrigeration
Semiconductors

Use

Acid Metal Cleaners—Oxide Removers
Glass Etching and Frosting
Depressants—Nonsulfide Ores

Pickling Acids

Acids, Other Chemicals (non-salts)
Catalyst to Produce High-Octane Fuel Additives
Manufacture of Fluorocarbons

Wet Chemical Etching

Home Use: Air-conditioning unit coil cleaners; aluminum automotive wheel cleaners; chrome, brass, and crystal
cleaners; masonry cleaners; rust stain remover; truck and commercial car washing compounds; water spot remover.

Figure 1. Uses for HF.
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FIRST AID FOR HYDROFLUORIC ACID BURNS TO THE EYE(S)

Bernard Blais, M.D., F.A.A.O., FA.C.O.E.M., F.A.C.S.

(1) IT IS IMPERATIVE that immediate and thorough
treatment be provided at the EARLIEST possible time.*
Alert emergency personnel.

(2) Immediately utilize emergency deluge showers
and/or emergency eyewashest based on the amount or
area of contamination to the body.

(3) The employer’s first responders must be trained in
first aid for hydrofluoric acid burns, including the use of
0.13% benzalkonium chloride and 2.5% calcium glu-
conate gel and calcium gluconate intravenous solution
(first responders per OSHA are to be trained to service
the potential hazards).

(4) Upon arrival at the scene, first responders should
evaluate the victim for potential cardiovascular or pul-
monary complications, and initiate emergency medical
treatment based on the existing emergency medical ser-
vices protocol.

(5) Whereas initial irrigation of a corrosive with del-
uge shower or emergency eyewash generally lasts 15
minutes, in the case of HF burns, it is 5 minutes prior to
further medical treatment or until relieved by emer-
gency personnel. Clothing, jewelry, and shoes should be
removed during the showering period, removing chemi-
cal goggles last over head and eyes closed. Normally,
individuals tend to close their eyes when flushing, so it is
important to hold the eyelids open and have the victim
roll the eyeballs so water will flow to all surfaces.

(6) It is critical to irrigate beneath the eyelids, not just

the face and external surfaces of the eyelids. It is impor-
tant not only to flush away the caustic substance, but also
to remove any particulate matter that may have lodged
under the eyelids.

(7) A device such as a Morgan Lens or, preferably, an
Eye Irrigator can be used with a standard Ringers solution
containing 1.0% calcium gluconate and a local anesthetic
for HF ocular burns. The Eye Irrigator® is a fairly new
device, consisting of a slitted loop designed to easily
slide up under the upper lid without having to pry
open or otherwise traumatize the eye. The procedure
is simple but does require some basic training. Ben-
zalkonium chloride solutions should not be used
for ocular burns.

(8) Eye irrigation should be continued by the first
responder until relieved by a physician, preferably by
an ophthalmologist. Calcium gluconate should not be
injected subconjunctivally or subtenons, because it is
too toxic for ocular tissue.

(9) The ophthalmologist may elect to continue irri-
gation with 500-1000 mL of 1% calcium gluconate
solution utilizing a local anesthetic. Depending on the
severity of the injury, the patient may be admitted to
hospital or discharged with a topical application of 1%
calcium gluconate eye solution, ophthalmic steroids,
antibiotics (systemic or topical), and other treatments
for alkali corrosive eye burns such as glaucomatous
agents for elevated intraocular pressure.

*Subpart K-Medical and First Aid of OSHA §1910.151 states:

(a) The employer shall ensure the readily availability of medical personnel for advice and consultation on matters of plant health.
(b) In the absence of an infirmary, clinic, or hospital in near proximity to the workplace which is used for the treatment of all
injured employees, a person or persons shall be adequately trained to render first aid. First aid supplies approved by the
consulting physician shall be readily available.

(c) Where the eyes of body of any person may be exposed to injurious corrosive materials, suitable facilities for quick drenching
or flushing of the eyes and body shall be provided within the work area for immediate emergency use.

tSee ANSI Z358.1-1998 guidelines, Emergency Eyewash and Shower Equipment.
*The Eye Irrigator is available from American Health and Safety, P.O. Box 46340, 6250 Nesbitt Rd., Madison, W1 53744-6340,
(800) 522-7554. A 5-min. training video is available.

Dr. Blais is an Occupational Ophthalmologist, an Eye M.D., and Chairman of the Eye and Vision Committee of the American
College of Occupational and Environmental Medicine (ACOEM), Consultant and Liaison to American Academy of Oph-
thalmology for ACOEM, Clinical Professor of Ophthalmology, Albany Medical College.

tions. E.g., hydrochloric acid damages tails, see the inset by Bernard Blais, o It is easy to use.

only the superficial structures of the M.D. o It can be self-administered or ap-
eye, because its penetration is limited plied by first aiders.

by a precipitated protein barrier.®> In o It can be applied immediately as

the case of HF, immediate action  Ill. TREATMENTS soon as the burn is suspected.

should be taken with initial flushing
and then treatment with sterile 1%
calcium gluconate solution. For de-

Calcium gluconate is the preferred
treatment of choice for minor HF ex-
posure for the following reasons:

It is painless to apply.
It produces no risk of increasing
tension in the tissues.
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o It can be used topically, infiltrated,
inhaled, and ophthalmically.

o It reduces the risk of hypocalcemia.

o No sophisticated equipment is nec-
essary.

Pharmascience Inc. is the main sup-
plier of calcium gluconate and can be
contacted at 8400 Darnley Rd., Mon-
treal, Quebec H4T 1M4, Canada. In
the U.S. the company has a distributor
at 175 Rano St., Buffalo, NY 14207
(800-207-4477, orders; 800-363-8805,
technical information). Calcium Glu-
conate Gel is available in 25-g tubes in
multiples of 12 for $264.60 in the U.S.
Quantities of 6 are available for
$165.30. A 5% freight and handling
charge is applicable.

A. Mixing Your Own Solutions

This method can be considerably
cheaper or a local pharmacy can make
up a solution.

1. Topical Gel (2.5%). Mix one
10-mL ampule (10%) per ounce of
surgical gel (K-Y Lubricating Jelly;
Johnson & Johnson). The gel must be
kept above 40°F. Do not freeze.

The latest DuPont MSDS (Nov
1998) supplies another formulation as
well: Mix 3.5 g of USP calcium glu-
conate powder with a 5-oz tube of
surgical water-soluble lubricant (e.g.,
K-Y Lubricating Jelly).

2. Calcium Gluconate Solutions
for Topical Injections. Mix one
10-mL ampule (10%) with an equal
amount of saline solution to give a 5%
calcium gluconate concentrate.

3. Nebulizer. Mix one 10-mL am-
pule (10%) per 30 mL of saline solu-
tion to give a 2.5% calcium gluconate
solution.

4. Eye Wash. Mix one 10-mL am-
pule (10%) per 90 mL of saline to get
a 1% calcium gluconate solution. If
you take 100 mL out of a 1000-mL bag
of normal saline and put in 100 mL of
calcium gluconate, you will have the
proper mixture.

Note: The shelf-life for all mixtures
has not been determined, but a peri-
odic replacement period should be es-
tablished; the recommendation on the
DuPont MSDS is 6 months. If the in-
gredients are stored separately until

needed, the shelf-life is less of a con-
cern.

Be aware that even following emer-
gency treatment with calcium glu-
conate, delayed life-threatening burns
can still occur. Followup treatment at
a medical facility is necessary. It is
wise to warn the hospital of your in-
tentions to bring folks to them for HF
burn treatment and to make sure that
they are informed of its specific treat-
ment.

It is wise to warn
the hospital of your
intentions to bring

folks to them for

HF burn treatment

and to make sure

that they are
informed of its
specific treatment.

B. Benzalkonium Chloride
(Zephiran Solution)

This product can be obtained from
Sanofi Inc., 90 Park Ave., New York,
NY 10016 (800-446-6267). It is avail-
able in gallon containers as a 1:750
(0.13%) solution. The material has a
limited shelf-life and should be stored
in light-resistant containers. A 17%
solution is also available but should
only be diluted by a qualified individ-
ual. Since benzalkonium chloride is a
nonprescription drug, it should be
available through most local pharma-
cies. They can obtain it from pharma-
ceutical wholesale distributors such
as McKesson Pharmaceuticals, Cardi-
nal Health Inc., or the local pharma-
ceutical wholesaler. Assorted basins
should be kept on hand for immer-
sions.

IV. 5 vs. 15 MINUTES OF
IRRIGATION

After my first paper was published,?
a letter to the editor was published
in the Jan./Feb. 1999 issue of CH&S

entitled, “Another viewpoint on the
treatment of HF skin exposure.”” The
purpose of the letter was to “provide
an interpretation of these different
procedures and offer a practical re-
sponse for HF skin procedure.” Points
brought out follow:

It is straightforward to train employ-

ees in a single emergency response

treatment (i.e., the common 15-min
wash protocol).

¢ Recommendations in MSDSs are in-
consistent.

o There is a real possibility that a con-
fused employee will attempt to apply
HF treatment to another acid, (e.g.,
HCI).

o Community-involvement programs

stress communication with indus-

trial users of HF and hospitals.

All the above are valid statements, but
considering DuPont’s claim,

Flushing with water thoroughly for 5
min is sufficient to effectively remove
HF from skin. Additional flushing
time is unnecessary and will delay
further treatment. Although flushing
is effective in removing surface acid,
it does not affect the F that may
have already penetrated.

we have a dilemma. Will an exception
to the rule for HF cause confusion?
The solution is, of course, to have a
plan in effect ahead of time, and to
provide training to implement that
plan. All potentially exposed person-
nel should be trained in first-aid care
for HF burns before beginning work
with HF. Calcium gluconate gel
should be readily accessible in areas
where HF exposure potential exists.

DuPont provides all its potentially
exposed personnel with a (3" X 5")
booklet and card (2.25” X 3.75"), eas-
ily carried on their persons. These are
routinely provided free of charge to
companies purchasing HF and to any-
one who requests a single copy (call
800-441-9408).

My contact at DuPont informed me
that the 5-min wash procedure began
in 1990 and since that time at least
75% (it might be as high as 98%) of
companies using anhydrous HF have
adopted the 5-min wash. Further, he

Chemical Health & Safety, January/February 2000

21



tells me that the 5-min wash is being
applied to other water-soluble sub-
stances such as hydrochloric acid and
chlorine. The DuPont MSDSs for hy-
drochloric acid and chlorine state for
skin contact, “Flush the skin thor-
oughly with water at least 5 minutes.”
Preliminary tests show that the 5-min
time frame is effective in many cases;
this is especially fortuitous in cold
areas where a 15-min cold shower
wreaks its own hazards.

And consider this! In 1998 Pharma-
science introduced a new product, a
sterile 2.5% isotonic calcium glu-
conate wash packaged in a plastic
container (480 mL). In the event of an
exposure, the solution was to be ap-
plied immediately to affected areas
until thoroughly washed. It was
claimed that the wash removed more
HF than a pure water wash and signif-
icantly reduced the quantity of HF
that penetrated the skin. After wash-
ing, calcium gluconate gel was to be
applied repeatedly while seeking med-
ical attention. Evidently HF users
weren’t ready for this innovation and
as of Aug. 6, 1999, the wash was no
longer available.

V. CURRENT STATUS OF
HEXAFLUORINE

At the 1998 spring meeting of the
Semiconductor Safety Association,
Hall et al. delivered a paper® that pre-
sented impressive results about the
use of Hexafluorine, a proprietary
product manufactured by Laboratoire
PREVOR in France, claimed to be an
amphoteric, hypertonic, chelating
agent specifically designed to detoxify
hydrofluoric acid. It has chemical
bond energy greater than that of eye/
skin receptors and does not produce
a significant exothermic reaction
with release of heat that could fur-
ther damage exposed tissue. In addi-
tion, it is claimed to be safe to use in

the eyes. Hall describes five cases in
his paper. Two of those cases follow:

1. A worker fell into a bath con-
taining 1505 L of water, 30 L
of concentrated hydrochloric
acid, and 233 L of 59% HF
(calcd bath concn, 9.2% HF),
immersing his entire body and
face. Hexafluorine, as well as a
regular water eyewash, was im-
mediately used for decontami-
nation by coworkers, Only mi-
nor burns developed on the
back and abdomen, there was a
significant corneal burn of the
left eye, but the right eye re-
mained normal.

2. At a facility using a chemical dip-
ping bath containing nitric acid
and HF for producing stainless
steel for construction and machine
tools, a worker sustained an eye
splash with 38% HF. He rinsed his
eye immediately with Hexafluorine
and did not develop any eye injury,
returning to work the next day.

Experimental animal data on rats and
rabbits as well as in vitro data are
compelling. One such case is shown
in Figure 2. To simulate the effects of
decontamination without flushing, 10
mL of 0.1 N HF (0.2%) was placed in
a beaker and either water, 10% cal-
cium gluconate, or Hexafluorine was
added. The pH and the pF (pF = neg-
ative logarithm of the fluoride ion
concentration) were measured. As
noted, water had little effect. Both cal-
cium gluconate and Hexafluorine ab-
sorbed or neutralized H*, although
Hexafluorine bound the hydrogen ion
100 times greater than calcium glu-

pH pF
Water Little change Little change
10% calcium gluconate 4.5 3
Hexafluorine 6.5 6

Figure 2. Experimental Results.

conate. The final pH for Hexafluorine
was 6.5 vs. 4.5 (still acidic) for calcium
gluconate.

I recently spoke with Alan Hall,
M.D., one of the authors of the 1998
paper on Hexafluorine, who has been
hired as a consultant for PREVOR. He
was very skeptical about the product
at the beginning, but new incidents of
11 exposed workers at Mannesmann
AG (headquartered in Dusseldorf,
Germany) have shown the effective-
ness of the product. These case studies
will be presented at the Semiconduc-
tor Safety Association 2000 spring
meeting and published.®

One should always
try to keep up to
date to learn of new
Innovations in
safety, especially
when working with
nasty chemicals
such as HF, and
then institute those
changes if they can
save lives.

Hexafluorine is being widely used in
France and Germany; Ireland, Italy,
Sweden, and the United Kingdom are
giving serious consideration to its use.
In the U.S., PREVOR is actively seek-
ing FDA approval, armed with the
new compelling data from Germany.
One “sticky” issue is whether the
product should be considered a drug
or, preferably, a medical device (as it is
in Europe).

For more information on PREVOR,
check out the web site at http://www.
prevor.com.

CONCLUSION

Because HF is a unique acid and its
emergency treatment is specialized
and different from that of other inor-
ganic acids, all exposed and poten-
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tially exposed personnel should be
made familiar with its properties and
hazards and trained akead of time to
deal with emergency situations. In the
case of the HF fatality mentioned in
the introductory news report, the vic-
tim evidently was not aware of the
internal damage that the fluoride ion
could inflict. Protocols should be set
up, appropriate supplies should be on
hand, and arrangements should be
made with nearby hospitals and pro-
fessionals because not all physicians
may be aware of the unique treat-
ments. In addition, one should always
try to keep up to date to learn of new
innovations in safety, especially when
working with nasty chemicals such as
HF, and then institute those changes if
they can save lives. Even if you've al-
ready converted to a 5-min rinse and
have calcium gluconate on hand,
don’t get complacent; new and better
changes may be coming. Stay on top
of safety!
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o For large-volume users

Guidelines from the Hydrogen Fluo-
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of $100 each, including shipping and
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Dennis, 3050 K St., NW, Suite 400,
Washington, DC 20007: tel 703-741-
5619; fax 703-741-6091.

e Sample Protocols

The following have offered to share
their protocols, which can be adapted
to your work site.

Thomas J. Shelley at Cornell Univer-
sity, 607-255-4285; e-mail tjs@cornell.
edu. URL: http://www.ehs.cornell.
edu/Irs/cheminfo/infopackets/hf. htm.

Debbie M. Decker at University of
California, Davis, 530-754-7964:
dmdecker@ucdavis.edu. URL: http://
ehs.ucdavis.edu. Check on “Safety
Nets” and search for #70.

e Medical Information

U.S. Department of Human Services,
Public Health Service, Agency for
Toxic Substance and Disease Regis-
try, “Medical Management Guidelines
for Acute Chemical Exposures,” 8/1/
92; updated 4/12/99: http://aepo-xdv-
www.epo.cdc.gov/wonder/prevguid/
p0000016/body015.htm#head00500
6000000000.

Wilkes, G. “Hydrofluoric Acid
Burns,” updated 4/11/99: http://
emedicine.com/emerg/topic804.htm.

o Slide presentation

A set of 40 slides on HF geared toward
the laboratory worker is available
from the University of Delaware:
http://www.udel.edu/OHS/chemical/
hfpresent/sld001.htm.
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HF First Aid
First aid for a unique acid: HF

Eileen B. Segal
Segal Consults, 2701 Liberty St.. Easton, PA 18045-2620

Date: April 30, 1998. An um:ﬂ;ﬁgm‘my on the popular TV program ER dealing
with a security guard exposed to hydrofluonic acid { rampted a good
deal of discussion on various first-aid treatments.In the .‘j:nw* the man
died, Could he have been saved if proper first-aid and medical treatment
had been given promptly?

ER is fiction, but the truth is many deaths have resulted from exposure

to HF. In the United States, more than 1000 cases of HF exposures are
reported annually, but the actual humber of exposures is unknown, Thus,
a review of current emergency practices seems prudent. as there are
questions regarding the best therapy,

Conventional first aid for exposures to all acids has been to ninse with
water for 15 min, even longer for HF, and then get medical treatment
from professionals. Although studies and expenience have shown that HF
requires a different approach from other acids, a review of a

significant number of material safety data sheets has revealed the same
standard emergency treatment- -water, water, and more water. Newer
recommended procedures call for immediate flushing, but limited to 5
min, followed by by treatment from emergency responders.

Mode of action

HF is a mean character or as a professor of chemistry was heard to say.
“Fluarine can rip a proton off your grandmother " Hydrofluoric acid 1s
an extremely hazardous liquid; it can cause severe in and eye
iritation or deep-seated, slow-to-heal burns.

The insidious hazard is that symptoms may be slow to appear, depending
on the concentration, and thus treatment may be deta)'ar. At
concentrations above 50%, immediate skin destruction 15 ana.mnt bya
white, marble-like discoloration accompanied by excruciating pain; the
discoloration usually proceeds to blister formation. With 20-50%
solutions, burns and pain ¢an be delayed for 1 1o 8 b at concentrations

of less than 20%, painful erythema (redness of the skin) may be delayed
for 24 h, Concentrations as low as 2% may cause symptoms if skin contact
1= long enough,

HF's mode of action is to bind calcium whenever contact ocours with skin
or othier body tissues, In the air-tissue mterince, HF penetrates cells

as the molecule, Once absorbed, it forms soluble salts which are fully
dissociable:



HF = H' «F

The dissociation is extremely fast and is highly favored at the
physiological pH of 7.4 The fluoride ion is the villain, and it can
cause liquefaction necrosis (consistent with alkali damage, not acid
dmmgg of soft tissue and destruction of the supporting tissue by
forming inscluble calcium fluoride.

IF + Ca* = CaF

Unlike the action of other acids, which are rapidly neutralized, tssue
destruction and neutralization of HF may proceed for days. Although
flushing is effective in removing surface acid, it does not affect the

F which may have already penetrated. Because calcium is necessary for
cell life, its binding can bring about cell death in a short time. If

the exposure covers a large amount of skin surface, excessive amounts of
caleium may be inactivated, so that inadequate amounts of Ca’™ are
available for vital body functions. This causes hypocalcemia, in which
heart function is diminished, heart beat becomes abnormal, and cardiac
arrhythmia {ventricular fibrillation) can occur. Liver and kidney damage
may also occur.

The fluoride lon can also bind to magnesium to form insoluble MgFL:
2F + Mg™ = MgF,

The binding of magnesium causes hypoma mia, an abnormally low
magnesium content of the blood plasma, which can cause neuromuscular
hyperirritability (a pathological respanse of muscles and nerves to

slight stimuli}.

Alsa to be considered is the formation of other soluble fAuornated
salls

Ma*+F = NaF
K +F KF

These salts are very toxic at high concentrations, They act as direct
cellular poisons by interfering with enzyme mechanisms.

HnFﬂ:ﬁllP injury may cause persistent pain and result in bone loss and
nail-bed injury. The healing of skin bums may be prolonged, and
extensive scarring may occur.

Acute Toxicity

There are similagities and dissimilarities between the effects of
exposure to HF and exposure to other types of acids




Skin. Like other acids, the extent of injury depends on the amount,
concentration, duration of contact, part of the body contacted, and
temperature. The toxic effects af HF are primarily due to F, which can
netrate tissues and bind intracellular calcium and magnesium, Severe
ﬁrns can be caused by exposure to concentrated HF ( ) on 1% or more
of the body surface, and to any concentration of HF on at least 5% of
the body surface. Initial signs of damage are redness, edema, and
blistering. The severe throbbing pain of burns is thought to be due to
irritation of nerve endings by increased levels of potassium lons
entering the extracellular space to compensate for the reduced levels of
ealoium ions, which have been bound to the flupride. Dilute solutions of
HF penetrate deeply before dissociation. Surface involvement is minimal
and may even be absent.

RuﬂJ:-irnlur;.r tract. Concentrated solutions and anhydrous hydrofiuornc

act uce pungent fumes upon contact with air. These lumes can cause
nasal congestion and bronchitis, even in low concentrations. Burns that
occur when the vapors or liquid contact to the oral mucosa or upper

airway may cause severe swelling, to the point of airway obstruction
requiring a tracheostomy, Acute symptoms from inhalation exposure are
coughing, choking, and nose and throat irritation, followed (after an
asymtomatic period of 1-2 days) by chills, fever, difficulty in

breathing, and cyanosis. Anyone with symptoms should be hospitalized for
observation and/or treatment. As with dermal exposure, pulmonary edema
may be delayed for several hours, even up to two days. This is likely in
patients with burns of the face and neck. Pulmonary edema that does not
respond to medical treatmoent may be fatal.

Gastrointestinal tract. If HF is ingested, severe bums to the mouth,
esophagus, and stomach can result, with severe pain, bleeding, vomiting,
diarrhea, and collapse of blood pressure. Systemic effects can also

occur. A number of deaths have occurred alter even small amounts of HF.

Eyes. Hydrofluoric acid can cause severe eye burns, with destruction or
opacification of the cornea. Blindness may result from severe or
untreated exposures. Immediate first aid and specialized medical care
Ate necessary,

Chronic toxicity

The fluoride ion is considered the major concern from a chronic toxicity
stanclpoint. Long-term, exposure to high levels of fluoride salts in
water can cause mottling of teeth in children, fuorosis of bone, and
sometimes usteosclerosis in adults and children. HF is not considered a
developmentai or reproductive hazard, although there have been rare
cases of mottling of first teeth in infants born to mothers who had high
daily intakes of fluoride during pregnancy. However, low doses of
fluoride are thought to be essential for normal fetal development in




humans. HF is not listed as a carcinogen or sus d carcinugen by the
international Agency for Research on Cancer, the National Toxicology
Program, OSHA, or the American Conference of Governmental Industrial
Hygiensts.

First-aid treatments

Whin exposures are promptly and successfully treated, results are
nerally favorsble. Improper treatment can result in anent damage,
isability, or death. Treatment is directed toward binding of the
fluoride ion to prevent tissue destruction. Speed is of the essence. All
E:v;fnthtly exposed personnel should be trained in its handling, and
-aid actions should be planned before beginming work with HF

AlliedSignal Inc., the world’s leading supplier of HF,

provides a pamphlet, “Recommended Medical Treatment for Flydrofluoric
Acid Exposure” (latest edition, July 1996). The company has shared its
infarmation broadly and has provided hundreds of free copies of the
informative booklet (call 1-800-622-5002 for a copy). The treatments
specified for contact or suspected contact follow.

= Skin contact

1. Move victim immediately to safety shower ar other water source ancd
Aush affected area thoroughly with large amounts of cool running water.

2. Remove all contaminated ¢lothing while flushing.

3, Rinsing may be limited to 5 min if 0.13% benzalkonium chloride
solution or 2.9% calcium gluconate gel is available, with the soaks or
gel applied as soon as the rinsing is Smﬂ:‘d' If not available, rinsing
must continue until medical treatment is rendered.

4. While the victim is being rinsed with water, someone should alert
first-aid or medical personnel and arrange for subsequent treatment.

5. Immediately alter thorough washing, use one of the measures below:

a, Begin soaking the affected areas in iced 0.13% benzalkonium chlonide
sohution, Use ice cubes, not shaved ice, in order to prevent frostbite.

If immersion ks not practical, towels should be soaked with iced 0.13%
benzalkonium chloride solution and used as compresses for the bumed
area. Compresses should be changed every 2 to 3 min, Soaks or compresses
should be continued until pain is relieved or until more definitive

medical treatment is provided. Relief of pain is an indication of the

success of treatment; therefore, local anesthetics should be avoided.

b Start massaging 2.5% calcium gluconate gel into the burn site. Apply
gel every 15 min and massage continuously until pain and/or redness




:.ﬂs‘;!;peu ot until more definitive medical care is given. It i3
advisable for the applier to wear surgical gloves.

Note: Clinical experience has shown that both benzalkonium chloride and
calcium gluconate gel are effective when used correctly in appropriate
situations. In an animal model, benzalkonium chloride soaks appear to be
superior to caleium gluconate gel under the experimuntal conditions used
{see Dann et al., 1992, 1996).

f. After treatment of burned areas is begun, the victim should be
examined to ensure there are no other bum sites which have been
overlooked.

7, Arrange to have victim seen by a physician. Continue soaks or
Massaging.

= Eve contact.

L. Immediately flush the eyes for a least 13 min with larﬁllz;nrnqums of
gently flowing water, Hold the eyelids and away the eye during
irngation to allow Ihumuﬁh flushing of the eyes. Do not use
benzalkonium chloride solutions described for skin treatment. U stenle

1% calcium gluconate is available, washing may be limited to 5 min,

after which the 1% calcium gluconate solution should be used repeatedly
tor irrigate the eye using a syringe.

2. Take the victim to a doctor, preferably an eye specialist, as soon as
siblie, loe-water compresses may be applied to the eyes while

transporting the victim (see the box on eye treatment),

* inhalation

1. Immediately move victim to fresh air and get medical attention.

2 Keep victim warm. quiet, and comfortable.

3. If breathing has stopped, start artificial respiration at once: Make
sure mauth and threat are free of foreign material and the airway is

open,

4. Omygen should be administered as soon as possible by a trained
individual Continue oxygen while awaiting medical attention

5. A nebulized solution of 2.5% calcium gluconate may be administered
with oxygen by inhalation.

6. Do not give stimulants unless instructed to doso by a physician.

7 The victim should be examined by a physician and held under




observation for at least 24 h

§. Vapor exposures can cause skin and mucous membrane burns as well as
damage to pulmonary tissue, Vapor burns to the skin are treated the same
as liquid HF burns.

* Ingestion

1. Have the victim drink amounts of water as quickly as possible
to dilute the acid. Do not induce vomiting. De not give emetics or
baking soda, Never give anything by mouth to an unconscious person.

2. Give several glasses of milk or several ounces of milk of magnesia,
Mylanta, Maalox, or the like. The calcium or magnesium in these
compounds may act as an antidote.

3, Get immediate medical attention
(hher first-aid mformation

DuPont. DuPant’s MSDS, dated Sept. 19, 1595, states, "Flush skin
thoroughly with water for 5 minutes. Flushing with water thoroughly for
5 minutes is sufficient to effectively remove HF from skin. Additional
flushing time is unnecessary and will delay further treatment.”

DuPont has a technical information booklet, "Hydrofluoric Aad/
Anhydrous, Technical: Properties, Uses, Starage, and Handling,” which It
shares with the public. In addition, Dulont has prepared a 3 x 5°

booklet and a 2.25 x 3.75" card with first-aid information for

distribution to its customers and potentially ex personnel which
can easily be carried on their persons (see box for a copy of the card).

Mallinckrodt Baker. This company is another supplier of HF; its MSDS
advises a 15-20-min wash and then treatment with Hyamine 1622
(tetracaine benzethonium chloride) or 0.13% Zephiran Chloride
{(benzalkonium chioride). However, the MSDS provides a "Note to
Physician” in its section on first-aid measures for an alternative
first-aid procedure, stating;

"It has been conclusively shown [references given| that flushing the
affected area with water for ane minute and then massaging HF Antidote
Gel {contains calelum gluconate) into the wound until there is a

cessation of pain is the most effective first aid treatment available.

HF Antidote Cel is available in 25-g tubes.... We recommend that Hl‘l{l
person in contact with HF should carry, or have access to, a tube of HF
Antidote Gel at all times; deally with one tube at the workplace, one

on the person” and one at home. For safety’s sake, we believe that HF
Anlritdnte Gel should be issued to all employees who may come into contact
with HE"



To obtain an MSDS from Mallinckrodt Baker, call 1-800-JTBAKER or
908-859-6911 and follow the voice prompts to obtain information by fax
(the catalog number is 6304).

HF panacea?

French researchers have produced an antidote for HF called Hexafluorine,
It is an amphoteric binding agent which they claim enables it to absorb
HF rapidly {a few seconds), preventing the superficial layers of skin

from destruction and creating a natural protection against flucride
advance. They claim the "Huoride bon Hexafluorine is 100 times
stronger than when captured by calcium, y also claim that it is safe

to use in the eyes

Hexafluprine has been used in Europe and is now available through a
distributor in the U.S. It seems to be a very effective treatment but it

has not been approved by the Food and Drug Administration; without FDA
backing, legal labilities become a concern. A lack of sufficient
documentation, together with the product’s high cost (>$1500 for a
fire-extinguisher type dispenser), would be deferrents to its use. For

those who would like more infarmation, the US, vendor, Prevor, has a
Web page at hitp:/ /www prevorusa.com.

Conclusion

Because of the seripusness of exposure to HF, the sooner it is rendered
ineffective, the better. The procedures of AllicdSignal have been very
effective, that is, a shorter flush time and faster application of

caleium gluconate or benzalkonium chloride. At one time, the
availability of these substances was a problem. Now calcium gluconate
can be ordered in many local pharmacies and is available from
Pharmascience Laboratories, 175 Rano St Buffalo, NY 14207
(1-B00-207-4477), Cost: 6 25-g tubes, $27.55/ tube; 12 25-g tubes,

$22.05/ tube. Benzalkonium chloride is sold by Sanofi Winthrop
Pharmaceutical, New York, NY.

I thus age of lihgation, a

problem for some may well be a prohibition or reluctance to allow nnr:me
other than a trained or licensed professional to administer any kind o
medication. On the other hand, liability may be a larger issue in the

case of bodily harm or even death for withholding what is considered an
effective treatment

Employers should make assessments, use up-to-date procedures, and

establish a protocol for their workplaces. It is important that all

Elentialljr exposed personnel , first-aid responders, and medical staff
teained ahead of Hme in the chosen protocol.




Back to the fictitious security guard on ER: All we know is that the
victim was beyond saving by the time he reached the hospital. Would he
have been spared if Emgﬁmq responders had begun treatment at the
scene? It makes one wonder. Anyone dealing with HF should be prepared
frgralihat type of emergency. You don't want to change fiction into

ty.
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Hazard Alert

OCCUPATIOMAL HEALTH & SAFETY UNIT
G Block. Ol Administraton Area
e

16 (1995)
Hydrofluoric Acid, HF

Hydrogen fuoride is exiremely corrosive. It is a fuming, colouriess liquid at normal
atmospheric pressure and less than 19°C. Above 19°C, hydrogen fluoride is » gas. Hydrogen
Muoride is industrially available as a liquid under pressure (anhydrous hydrofluoric acid) or
more commonly, &% sn aqueous zolution (squeoos hydrofuoric seid (HF)), wilth a
concentration in the range of 30 - 70 % HF wivlll, The most common concentration for
analytical grade HF is 48 % HF wivl3],

Hydrofluoric ncid Is commonly used for digesting minerals, ﬂ:&mg glass, and 33 a
Muarinating agent, metal pickling, and more.

Hydrofluoric acid exposure ¥l may be - -
Acute (short term) - T
@ Splllage on the tkin, or splash in the eyes. This couses, intense pain, either
immediately or alter some hours, a lough white coagulation over the burmt area
{a slow healing ulcer), and progressive destruction of tiszue including
decalcification and wecrosis of bone. A 1 % (approximately 360 cmi) body bum
fram 70 % hydroffuonc acid may cause death,
The eyes are especially sensitive.
tr  Inhalation of gas or mists, leading to asphyxia from pulmonary oedema (fluid in
the lungs) and convulsions.

©r  Ingestion, buming of mouth and pharynx, nausea, vomiting, abdominal pain,

L

Chronic {long term) -
¥ Skin ulcers,
¥t Bone and lecth damage,
o lrritation of nose, throat and bronchi.
Chronic poisoning is nol common,
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A recent incidentH) demonstrates just how dangerous hydrofuoric acid can be -

Whilst siting al a fume cupboard processing mineral samples, a laboratory technician knocked
approximately 100 mL of hydrofluoric acid onto his thighs. Immediate 10 % body burns
ensued, despile rapid flushing with water and emergency hospitalisation. The following week
his leg was amputated, however, the individual eventually succumbed to the toxic effects of
the HF, He died 15 days after the accidenl.

Several factors coniributed to the accident -
* Failure to protect the skin from exposure with appropriate clothing.
* Failure to restrain containers of HF in secare holders.
* Failure to apply neutralising eream.
* Lack of emergency planning/facilities/personnel.
= Poor work station design.

Recommendations {check these against your work place] - _
7 Ensure that personnel are familiar with the propertics and hazards of dangerous
chemicals
Follow approprinte safe work praclices.
Plan work In the knowledge that any exposure may cause permanent incapacily or
death.
Where practicable substitute with a less dangerous substance.
Use minimum quantities.
Train workers in safe procedures, personal protection and first aidfemergency
procedures in accordance with the WorkSafe Guide on Hydrogen Fluoride 1989 151,
Ensure appropriate personal protective equipment is used. This shall include: a face
shield (or safety glasses); a PVC apron; natural, butyl rubber or PVC gloves.
Note: these gloves materials all degrade in the presence of HF - inspect and replace
before they break.
{3 Ensure that safely showers, eye wash facilities and ealcium gluconate gel are
available wherever HF is used
O Al work should be conducted in a fume cupboard.
{3 Person should not work alone with HF.

g Qoaga aAa

Additional information - _
3 Contaminated clothing should be washed with bicarbanate of soda solution.
{1 Contaminated equipment should be neutralised with calcium hydionide, before being
washed with water,
(7 Containers should be stored away from heast and in well ventilated areas. Ideally i
should stored in a secondary container.
[ Special acid gas respirators are required to treat spills, outside o fume cupboard

Additional information is available from the OHS Unit.
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FIRST AID_PROCEDURES

Treatment for Hydrofluoric acid|?]
SKIN

n) Remove contaminated clothing and deluge the burnt areas with waler,

b  Seck emergency medical treatment.

c)  Apply calcium giuconale gel on and around the bum. Massage il in with clean
fingers (preferably gloved), until 15 minutes alter the pain has subsided. This
may require several hours, but conlinoe massaging with the gel so long as there is
improvement in the symptoms.

d)  Where & thick necrotic coagulum (dead tissue mass) has formed, this should be
removed and the gel then massaged into the base of the bum, mking aseptic
precautions.

€} If the bum fails to respond to the gel, injection of a 10 % calcium gluconate into
and under the bum should be considered. The quantity injected will be governed
by the reliel of pain.

)] Local anaesthesia is contra-indicated, so that the splitting of finger and toe nails
should be performed under general ansesthesia,

g  The bums may not require dressing, but where they do, use the calcium gluconate
gel.

h)  Advise the patient to retumn for further treatment if the pain recurs,

iy  Treat symptomatically.

EYES

a)  lrigate with copioas quantities of isotonic saline or water,

b}  Seek emergency medical treatment.

¢)  Instil stenle calcium gluconate drops, 10%.

d)  Treal symplomatically.

INHALATION

a}  Remove to fresh air.

b)  Anificial respiration and oxygen is necessary.

c) Remove to hospital by ambulance accompanied by the Material Safety Data
Sheet. '

d)  Continue observation for 48 hours because of the dangers of pulmonary oedema.

INGESTION
a)  Give copious quantities of lime water, milk or waler drinks (in spite of vomiting}
b) Remove to hospital by ambulance accompanied by the Material Safety Data

€)

CVHS T Iamr Temmni kil & ThOes R & sl 44716

Sheel. i
Intravenous injection of 10 mL of 10% calcium gluconate repeated hourly and
given slowly.




SERUM ELECTROLYTE REPLACEMENT

In large bums of over 160 em?, or in cases of ingestion and severe inhalation, calcium

and/or magnesium may be severely reduced in the blood serum.

Give calcium and ascorbic acid in water by mouth every two hours untill admitted to

hospital. Frequent electrolyle monitoring will decide future conduct in the case.

Keep this sheet accessible [or an emergency.

Referencex;

i

(2
k]

(4]
(3

Patty's Industrinl Hygiene and Toxicology, Volume 28: Toxicology, ¥ edition, 1981,

John Willey & Sons, USA.

BDH Laborstory Supplies 199493, Merck Fry Lid,

Environmental & Industrial Health Hazardy, s Practical Culde, FLA. Trevethick, 299 edition, 1980,
William Helnemann Medical Books Lid, London,

Shgaificant Incident Summary, Depariment of Oceupstional [leatih, Safety amd Welfare, WA,
WorkSafe Australia Guide, Hydrogen Fluarsde, 1929,
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EMERGENCY PROCEDURES FOR
, HYDROFLUORIC ACID
4 EXPOSURE

SEEK IMMEDIATE MEDICAL ATTENTION

CALL 9-911

SERIOUS TISSUE DAMAGE
WITH DELAYED ONSET

BEGIN FIRST AID IMMEDIATELY

FIRST AID FOR SKIN CONTACT

IMMEDIATELY (within seconds) proceed to the NEAREST
SAFETY SHOWER. While showering REMOVE ALL
CONTAMINATED CLOTHING and WASH THE AFFECTED AREA
FOR 5 MINUTES.

USING NITRILE 22 MIL (MFG. RECOMMENDED) GLOVES
MASSAGE CALCIUM GLUCONATE GEL into the affected area. If
calcium gluconate gel is not available, wash area for at least 15 minutes
or untll emergency medical assistance arrives,

RE-APPLY CALCIUM GLUCONATE GEL and massage il into affected area
EVERY 15 MINUTES until medical assistance arrives or pain disappears.

FIRST AID FOR EYE CONTACT

¢

|
-—

3.

. Thoroughly WASH EYES WITH WATER FOR AT LEAST 15

IMMEMATELY (within seconds) proceed TO THE NEAREST ' |
EYEWASH STATION. -
MINUTES while holding eyelids open. @

DO NOT APPLY CALCIUM GLUCONATE GEL TO EYES,

FIRST AID FOR INHALATION

o

GET MEDICAL ASSISTANCE by calling 9-911.




fechnical intrmation £ Prachcsl Sokrors

HYDROFLUORIC ACID

May 2000

FATALITY DUE TO ACUTE
HYDROFLUORIC ACID EX-
FOSURE

A [atal neeident occurmed ina
laboratory in Avttralis in 1993,
resulting i the death of a techni-
cian. The iechnician was sealed
wheti he kaocked aver 5 small
quanfity (bitween |00 and 230
mi) of hydrofluorie acid (HF) voto
hiy tap, splishing both thighs.

The technacian sustamed bumns (o
%% of hia body, deapite washing
his legs with waler at 6 literd/min.
No calciom gluconate gel was
applied to the affected ares and
contaminsted clothing was not
removed doring the Mushing with
water. His right leg was ampu-
tated 7 days-after the incldent. He
v died from malti-
organ Thilare 15 days after the
hydrofluoric acid spill.

Investigation showod thad this
doath coull have been provenied
if appropriate eMETEERNCy proce-
dures, saloly equipment and per-
somal proctive equipment bad
been available during the handiing
ol copcenbaled HE

University of Washington
Environmenta] Heslith and Safery
Box 354400

W, el washinpron edu

Hydrofluone acud (HF) is an extomely
cormive scil wied for mony purposes
including mineral digestion, sarfacs
elesning, ciching, and biological stain-
ing  HF's snique praperiies fmake @
significantly maore huzandous thin many

af the othet acids used on campus. Thas
TIPS Sheet discusses how o profec
yourself agminst the dangers of HF.
Aftached you will also find emergency
procedures for dealing with HF expo-

sures.  Please post these procedures
wherever HF Is used or handied,

| HEALTH HAZARDS |
The bealth hazards of HF depend upon the
type of exposure and the concentration

EvE anD SKiN EXPOSURE

HF is corromve ond readily destroys tis-
wue. HF expogore toibe eyes may result
in biindness or permanent ¢ye damage.
HF readily penetralcs human skan, allow-
ing it to destroy soff tssucs and desalcify
bone. Chemical bumns from HF are typi-
cally very painful and slow 1o heal. Skin
expoaure to highly concentrated HF [sp-
proximately 50% or greaier) immediately
resulls in serious and painful destrie-
tiom of tissue.

If the exposure covers & large amount of
akin surface ared excessive amousits of
calcium can be mactivated leadmg to sys-
temic Nuoride poisoning, hypocalcemin,
and hypomagnesemia, Heart funciios s
diminished in bypocalcemis (reduced
calcium levels in the bleod), whereby the
heartheat becomes abnommal, and cardiac
arrhythmia [ ventricular fibrillation) can
occur. Ldver and kidpey demege may
also vecur in high expovire coaditions
Hypomagnesemia leads to nsuromuscular
hyperimitability {a pathalogical response
of muscles and nerves o alight simuli),
Cine of HF ' most insldious properties
that gkin contact ol lower concentrations
may not produce pain or buming senes-
tioms unkll hours after the sxpoiure.
Because of the ability of HF %o produce
delayed senious tissue damage without
pecessanily producing pain, ol skin, eye,
or tissuwe contact with HF should receive
IMMEDIATE first aid and medical
evalustion even if The injury appears
minar or no pala ks el

INHALATION OF HF Varon

Inhaling HF vapors can sertously damage
the lungs  Delayved reactions up to and
including fatal pulmonary edema (flocd-
ing of the himgs with body ueds) may wot
be apparent for hours sites the inihal ex-
podure. The Washingion [ndustrial Safety
Hoalth Adminiawaton (WISHA) lomita
emplovees” exposure to sirthome concen-
tmfsoms of HF to 3 parts per ool lom { prpom
celing lmmit tiat should not be exceeded

af any tomse, Airborme conceniraisons of
10-15 ppm will imitate the eyes, skin, and
respiraiory iracl A concenirabion of 30
ppm i considered “Immedintely Dan-
gerous to Life and Health™ (IDLH) and
may have imeversible bealih effects. Ax
pirborme copcenirations above 30 ppm,
evien briel exposure may be (ial.
CrroNIC HF EXrostRe

Long-term or chronie exposurs 1o HF may
result in Mooross, & syndrome charscter-
tzed by weight loss, bone embritilermnent,
kncmin, and general ill health

SAFETY FPRECAUTIONS FOR
HF USE

EMPLOVEE INFORMATION AND
TrRAINING

Employees who handle HF must recave
documenisd truining on the hazsrds of HF
end what to do in the event of an exposurne
of & spill. A Mateninl Safety Data Sheet
(MSDS) on HF should always be kept in
the immedisie wotk area where HF is
used. The MSDS together with this TIPS
Sheet are an excellent basis for raiong
employess on the hazards of HF, Periodic
refresher training should be provided,
inchuding procedures o follow in an
emergency and where to find the calomm
ghuconate gel. EHE&ES can offer assistance
in providing this training. - Please call
5437201 for furthes information

SAFE WORK PRACTICES

If passible, avord working alone when
you're usmg HF. Do not eal, smaoke, or
drink where HF is handled, since the
chemical can be swallowed. Wash hands
thoroughly after handhing HF. Refer fo
your lsb standard operating procedures for
more nformtion

STORAGE

Store all HF and HF waste in labeled
chemically compatible contabness (e,
polycthylene or Teflon™), Glask, metal,
wnd ceramic containers are NOT com-
patible with HF. HF should never be
stinped with incompatibsle chemicals such
as amunons o ofher alkaline materials,
Always place HF on s lorw prolected shelf
o ather lecation whete 5t will not be scci-
dentally spilled or knocked over

WasTe

HF waste should be ploced in 3 labeled
chemcally compatible contames with &
screw cap lid. Complere 3 Harardous
Waste Collection Form, anad seod i o
EHES (Box 354400 or fax 685-2915)



Call EH&S (685-2848) if you need any aggressive in its attack on skin and bone
waste labels or forms or have any ques- that the most important response s to

tions regarding the diszposal of HF waste, apply a calclum gluconaie gel antidote
See the EH&S web site for more informa- s soon as possible. Remove contami-

tion on waste disposal nated clothing immediately (wear mana-
ey ol washinstan sl facturer recommended protective gloves
RESFIRATORY PROTECTION fﬂ:hﬁ"_ﬁ‘hhﬁmm '
HF should be used with adeqoate ventils- Lol va e o ealeitm ghaco-
tion o mimmize inhalstion of vapor.

paie pel should be likiated and cantin-
Concentrations greater than 5% should e, using mamufacturer recommended

alunys be handind insicle s properly 0c  ploved hands, while awaiting medical

evaluste work practices and monitor skr- FREAc ik : .”i!l -

bome levels of HF, upon request peare 2 .
P dicate that the devired reaction has taken

(543-T388) place, {If cloudiness or scparation oocurs,
EVE PROTECTION then the gel must be re-applicd.)
Always use chemical goggles ogether FIRST AID TREATMENT = CALCIM

with a facz shield when handling concen-
trated HF. Dus to HF's highly cowosive L gluconate gel is o topical antidote
mot poovide adequste syo prolection. wosks by conbining with HE 1o f5rm in-
Bony PROTROCTION sohible calchurm Nuarids, thus preventmg
Wear a laboratory coat with a chemical the extraction of calcium from lauees and
splash apron meade out of natural rubber, bones and the resulting bums  Keep cal-
neoprene, of vilon, Never wear shoris ar clum gluconate gel pessby, whenever

GLUCONATE GEL

open-ined shoos when hasdiiag HF. you're working with HF. Usc disposable
HANE PROTECTION clean nitrile gloves 1o apply calcium gla-
Typically, a 22 mil, guuge viton or uitiile conate gel. EVEN AFTER AFFLYING

: & CALCIUM GLUCONATE, IT 13 ESEENTIAL
'bml I“m “;]:“"mﬁl “'m,:ﬂ' THAT YOU SEE A FIYSICIAN RIGHT
glove selection guide when selectingzs ~ *"
glove for HF, De NOT use latex exam EvE CONTACT/EYEWASH
glaves, ax they are not effective against  The eyewash should be used for 15 min-
HF. If you have sny questions aboul se- utes. Da not plice calcium gluconate gel
lecting & glove to use for handling HF, in the eyes. SEEK IMMEDIATE MEDICAL
contnct an mdustral hygienst from
EH&S (543-7388). Double gloving is

recommended i case of l=aks,

Ciloves that have not been contaminated
with HF may be disposed of in the com-
mon frash. If gloves become contami-
nited with HF, remove them fommediately,
thoroughly wash your hands, and check
your hands for uny sign of contammation.
[Remember thai contact with diluted HF
sshitions may nol exhibit any pain for
gome hours after contact). Contanunated
gloves mist be disposed of 21 HF wasie,

RESPONSE_ |
Sknce HF is cormosive and rapidly
ages tissue, WISHA requires access 1o an

eyewash and pafety shower,

SEIN CONTACT/SAFETY SHOWER
Spills of HF shall be flushed for 8 maxi-
s of 5 midniited. This chemizal (3 o

EHES TIPS

HF SriLLs

If HF iz spilled outside of & chemical
hood, evacuate the area, close the doors,
post the area with & sign 1o prevent others
from entering, wnd call 2911, Aftend o
injurcd g3 desenbed sbove. If the incidend
oot during regubar work hours (Mon
day-Friday, Bam.-3 pm), alsacall
EHES st 543-0467. Small gpills of HF
ingide & chemical firme hood cxn be -
talized with sodium bicarbanate if the
workers performing the cleanup have the
correct expuipment, wnderstand the haz-
ards, and know bow to clean up the spill
gafely and dizspose of the waale properly,

- 1 AR sl
You con obtain an B-0z, bortle (240 g.) of
e calcium gluconate gel from
Enviranmenial Health & Safely,

by calling S43-0467. The cout i ST8.00
(o tax). Flesse provide s bodpet nama
snd number. Calowm Gluconste has 3
loyear shelf life and showld be sored in o
refrigerator if possible, and replaced with
u fresh supply after s expirntion date has
passed. The Principal Invesugator is re-
spondible for ensurmg the product is
availahle o the kb ot all times.

We sugiest you purchase ot leas 2 bot-
iles, as an extra botle should remain (o
the lab for stafT involved in the spill
clearup

| EH&S CAN HELT |
EHAS ix available o assist with questions
snd traming, Please coll 543-T388 for
ipuexians aboul the safe hanilling of HF

HYDROFLUORIC ACID - May 2000 - For questions or more infarmation, call §43-7388
For more EH&S TIPS, newsietiers, and other health and safety information see our web site ot wwon. gl washington.edn,
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HYDROFLUORIC ACID Accidents
(HF) * Australia
» Erin YcKeown, [ndustrial Hypgienkst LW
* Stuart Cordis, Industrisl Hygiene Supervisor
Hazards

Lises

= Sarface cleaning
* Aineral digestinn
* Etching

* Bialogical staining

s pProducthen of fuorise sod Pduminum
Muaride

= Eatremely painfal barns

* Fluorkde palwaing

* Hyporalcemia snd hypomaguesemis
* Ventricular fibrillation

# 3% HF alio considered huesrdouy
« Deeeiving dar to delayed omel of pais

3727100

Worker Air-borne Exposure
Regzulations
® o wot evceed 3 PPM at any time

* 30 FPM s coosidered immediately
ilangerous to life aod healih

= hove 50 PPM exposures-even brief-may
e Tatal

Safe Work Practices

* [hgpvelop an SOPF
o Mewer use HF when working
slone

s b NOT eal o deink in the lsb
* Uge In the fome hood

|* Always wiar personal
protective equlpmem

Environmental Health and Salety



Umversity of Washinglon

Personal Protection
* Goggles and lace shicld

# 6 mill mitrile inner glove

* 32 imil Ansel Edmont ooter alirile glove

* [ als goal and =n scld resislanl apron

* Long panti, closed-tor shoes

Training

* Train oll st&il in the Isb, gven if they do
mof handle HF

= Drocument the rraining

= Frovide periadie refresher traiomg
prher to wie

3270

What to include in training

& Hagarids

* Sale Work Praciices

* FPE

# Storsgr

* LHspnsal

* Emergency Equipment
* Hpill profocal

* First Adel

Storage

* Store in polyethylens or Teflon contaimers

* lmsompatible with glass, metsl or ceramic
dontainers

= Sinre on low protected shell, wway from
caiatles

Disposal of HF

¢ Coolainer Fequirementas
» Compatihle with HF and bn gooad condition
& Sradel

* Hazardoias wosie lsbel

* Clhemical Collection Bequest Formi

Waste Disposal Alternative

* Treat with calclum carbomade

* Produces 3 volid non-hazardons calciom
fluaride precipliate

* Trash stlowed

Environmental Health and Safety
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of Washington

[y

Required Emergency
Equipment

Safery shower (drench type) « 10 second access
Exenmili
Civermical spil kit (%, Camipsis Steres)

Caleium glueonste gel (EH&R)

Safety Shower

Ehlatand gt by Fmi Lliry Sewwires
s fovind anssalls
=l W i 1 i ol TEF

VT

Eve Wash

Stores Chemical Spill Kit

« & gullon container. plastic sacks

= [husd pan aod whisk broom

» Miirile gloves(f and 22 mil), several sizes

o Gupgley

« Spdinm bicarbonais (baking soda)

« Spall pads (absorb sobventy, all, and water)

Souili Campus Stores I TH00-100 540,00

Calcium Gluconate Gel
Antidote

# Purchased separately

* Topicsl gel combines with HF ta form
imalublr calclum Muoride

= Prevents ihe extraction of caltchum from
tiasues and bones

= (N vear eypiration

* Store in 8 cool dry place

Ordering
Calcium Gluconate Gel

= (prder a 240 gram botile of 3% calensm
gluconate gel from EH&ES (3-D467)

= ol i S2E00

= pfrovide o badger aame and nomber

* Pickup oo Znd Noor Hall Healtl Center

Environmental Health and Safety
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Small Diluted HF Spill Cleanup

= Meygtralize with sodium bicarbosmare *

¥ Separate glassware into glass wasie
cardboard bog

* Adsarb remaining liguids with sdsorbent
s

wMEre

* Found in the Chemical Spill Kif

327100

Small Diluted HF Spill Cleanup

* Maable bag all cleanap materals and
ploves® into thick plavic fkags *

* Label as hacardous wasle *

* Complete 3 waste collection form =

= Foarnel ba the Chemical Spiil Kit

Large Concentrated HF Spills

= Sitend 1o injured
* Evacunie the area

= Poll the Fire Alorm and call 3-911

First Aid for SKin Exposure

* Co-worker calls 9911

* Vigtim sbhould immediately begin drenching
in an emerpency dafely dhowes

* emave ol cloibing, ihoes and jewelry

EMBEE

Skin Exposure / Safety Shower

= W gl the sifected ares in cold waier for
& midnutes wearing 22 mil nitrile gloves

* Sell apply, if posailile, the calcium
gluconate gel using o T2 mil witrile glove

* We-apply ibe el uniil medical sssistince
BTTIYES

Ervironmental Health and Safety
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First Aid for Inhalation

of HF Gas First Aid for Eve Exposure

* Jmmediilely have someone call %511
* Take the victim bo clean sir

= Yictlm Immedisiely proceeds o evewash
= gl 901 and pull ibe fre alarm

* Flush eyes for 15 min., holding evelids open
& Jphilation mav cause swelling b the

respiratory tract ap vo 24 hrs. after = [ha NOT apply calciom gliconate gel 1o ryes
PIpOSUTE
Important First Aid Tips Summary

* Resdy pocess to spdll kit snd antidote
= HF b uniguely hazardous
* All exposures require medicsl evaluation
* Specific frst ald procedures and supplies
* Provide the TIPS Sheet and M3DS to
medical persannel (o expedite 1he revponse * Emerpgency responders need information
in expedile your freatmand
* Medical personmel may call the Polion
Center for treatment information

Available EH&S Services Finally, KEEP CURRENT
* Work site evaloation * Heaufluorine® is better per mig. studies
* WF gir moniioring * Mot approved by the FI0A vl

# Splll sdyisemeni

= Training

Environmenial Health and Safety 5



chemicals.

%%Bﬁnig :

. Plan work in the knowledge that any exposure may cause permanent incapacity or death.
@ Where practicahle substinte with a less dangerous substance.

¢ Use minimum quantities.

, 16 (1995) Hydrofluoric Acid, HF
sure and less than 19°C. Above 19°C,
commonly, aqueous salution (aqueous hydrofluoric acid with a concentration in the
_..E.mnonuc qmu*ﬂm :..HFAESEBQ Ehﬁ.vmﬂhﬁﬂn—%ﬁoﬂ.ﬁwﬁ

used and as
gnﬂ % for digesting minerals, ctching glass, a fluorinating
Hydrofluoric acid exposure{3] may be -

n.-.tonﬂ.u &EEEEEE
iﬁﬂiﬁ. sccordance with the worksafe Guide on Hydrogen Fluoride 1989 [5).

o Ensure appropriste personal protective equipment is used. This shall include: a face
shield (or safety glasses); a PVC ﬁsﬁﬁgﬂgﬂﬂgg
Note: these gloves matesials all degrade in the presence of HF - inspect and replace

@ Ensure that safety showers, eye wash facilities and calcium ghoconate gel are available
whercver HF is used.
# All work should be conducted in a fume cupboard.
® Person should not work alone with HF.
Additional information
# Contaminated clothing should be washed with bicarbonate of soda solution.

» Contaminated equipment should be neutralized with calcium hydroxide, before being
washed with water,

& Contziners should be stored away from heat and in well ventilated areas. Ideally it
585.88._ a secondary container.

@ Special acid gas respirators are required to treat spills, outside a :Enﬂ__.-u!_.

AEuSE&S&gEBS % hydroflnoric acid may cause death.
EQEI«EE&.
gggﬂgigﬂ nauses, vomiting, abdominal pain.

Chronic (long term) -

¢ Poor work station design.
Recommendations (check these against your work place) -
gﬂigﬁugﬂagw?%lﬂgﬂg

._H.wﬂusar

@ Where a thick necrotic coagulum (dead tissue mass) has formed, this should be removed
Enﬂn&ggﬁoﬁgﬁﬁgégg

@ If the bumn fails to respond to the gel, injection of a 10 % calcium ghuconate into and
Eﬁggggagiaséewnﬁ&

[ E% contra-indicated, 5o that the splitting of finger and toe nails should
be performed under general anacsthesia.

# The bums may not require dressing, but wheze they do, use the calcium gluconate gel.
obns-n.wnulnu E?Egﬂnn&ogg

o Imigate with copious quantities of isotonic saline or water.




® EBE&HE :
: ® Anificial respiration OXYZen is necessary.
® Remove to hospital by ambulance accompanied by the Material Safety Data Sheet.
) ggnﬂﬁgggﬁnga&goﬂr—ﬁ
INGESTION :
® Give copious quantities of ime wates, milk or water drinks (in spite of vomiting).
] gs%&ﬁ%ﬁ&aﬁa&z?%&lmﬂmﬂwgg
¢ Intmavenous injection of 10 mL of 10% calcium ghiconate repeated hourdy and given

SERUM ELECTROLYTE REPLACEMENT

EEﬂEE&Sﬂ.SBm.REB!&Eﬂ&SEESEBQEE
Eﬂﬁ:ﬂgﬂniﬂﬁﬁnwﬂﬁnzsﬂ_g .
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FATALITY DUE TO ACUTE FLUORIDE POISONING FOLLOWING
DERMAL CONTACT WITH HYDROFLUORIC ACID IN A
PALYNOLOGY LABORATORY

Luciano Muriale,* Evelyn Lee,* John Genoveset and Steven Trend*

*WorkSafe Western Australia, P.O. Box 294, West Perth, WA 6872, Australia; and +Chemistry Centre of
Western Australia, 1250 Hay Street, East Perth, WA 6004, Australia
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Abstract—A fatal accident involving concentrated hydrofluoric acid in 2 palynological laboratory
is described. Similar deaths due to dermal exposure to concentrated hydrofluoric acid have been
reported in the literature. It is evident that rigorous control measures including proper personal
protective equipment and first aid are of utmost importance in the prevention of death and injury
when handling hydrofluoric acid. Possible factors that may have contributed to the sccident are
reviewed. Copyright © 1996 British Occupational Hygiene Society.

INTRODUCTION

Hydrofluoric acid is a corrosive and toxic liquid that is potentially toxic even
following dermal exposure to small amounts (Burke et al, 1973). The fatality
described below highlights the potential for relatively small quantities of
concentrated hydrofluoric acid to produce acute systemic toxicity and it is clear
that laboratory personnel underestimated the risks associated with the acid. The
purpose of this paper is to raise awareness of the inherent dangers associated with
dermal contact with concentrated hydrofluoric acid, and of the importance of
observing strict precautions when handling it.

ACCIDENT DESCRIPTION

A palynological technique used by geologists involves the dissolving of
sedimentary rock with mineral acids (hydrochloric and hydrofiuoric acid) to liberate
acid-insoluble microscopic fossils. The fossils are then examined by microscopy to
determine the age of the rock and oil potential.

A 37-year-old male laboratory technician was performing acid digestion of oil
well core and ditch samples with 70% w/w concentrated hydrofiuoric acid in a fume
cupboard. He was believed to be seated when he knocked over a small quantity (100
230 ml) of hydrofluoric acid onto his lap, splashing both thighs. The only personal
protective equipment (PPE) worn was two pairs of wrist length rubber gloves and a
pair of polyvinyl chloride (PVC) sleeve protectors. As a result of the fact that the
technician was working alone, it is unclear whether the spill was from the digestion
cup or the 2-1. bulk acid container.

705



706 Short Communication

The technician sustained burns to 9% of his body surface area, despite washing
his legs with water from a makeshift plumbing arrangement that supplied water at
6 1. min~!. No calcium gluconate gel was applied to the affected area and
contaminated clothing was not removed during the flushing with water. Following
flushing, the technician, who appeared to be in severe pain and shock, immersed
himself in a chlorinated swimming pool at the rear of the workplace, where he
remained for approximately 35-40 min before ambulance help arrived.

The injured man was hypothermic and hypocalcaemic on admission to an
intensive care unit at a nearby hospital, and soon became unconscious. His condition
continued to deteriorate despite subcutaneous injections of calcium gluconate and
adminstration of intravenous calcium and magnesium. His right leg was amputated
7 days after the incident. He subsequently died from multi-organ failure 15 days after
the hydrofluoric acid spill.

LIKELY CONTRIBUTING FACTORS

The most significant factor influencing acute systemic toxicity of hydrofluoric
acid is the total amount of fluoride ion absorbed. In dermal exposures this is a
function of the duration of exposure, the total surface area affected and the
concentration of the hydrofluoric acid (Krenzelok, 1992).

It is clear that one of the main factors that contributed to the systemic effects was
the dermal exposure of 9% body surface area to concentrated hydrofluoric acid.

Wounds as small as 2.5% of the body surface area from concentrated
hydrofluoric acid can produce hypocalcaemia of potentially lethal extent within 2
or 3 h (Greco et al.,, 1988). Adequate personal protective equipment during the
handling of concentrated hydrofluoric acid could have prevented this death. Full-
length PVC coveralls with sleeves to the wrist or a full-length PVC apron with sleeve
protectors, a face shield, rubber boots, safety goggles and mid-arm length PVC
gloves should have been worn by the deceased when hydrofluoric acid was being
used in the fume cupboard.

The duration of exposure may also have contributed to the uptake of the fluoride
ion. Hydrofluoric acid passes through the skin into deep tissue rapidly and the
affected area must be flushed with water immediately (Bracken et al., 1985; Greco et
al., 1988). The deceased did not have access to an emergency shower to remove the
hydrofluoric acid, instead the skin was washed from a hose that provided water at a
very low flow rate. Because of the low flow rate, the volume of water may have
spread the hydrofluoric acid onto other parts of the skin, rather than washing the
hydrofluoric acid off the skin. After a number of minutes, the deceased immersed
himself in the swimming pool.

Although flushing is effective in removing surface hydrofluoric acid, it does not
affect the fluoride ion that may have already penetrated deeper (White, 1984). In this
instance, no calcium gluconate gel was applied following dermal exposure to
hydrofluoric acid; calcium gluconate gel is an effective topical treatment for
hydrofluoric acid burns (Trevino et al., 1983).

Even though the deceased sustained burns to 9% of body surface area inhalation
may also have been another route of exposure due to the relatively high vapour
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Fig. 1. Photograph of the fume cupboard where the spill of 70% w/w hydrofiuoric acid occurred. Note the
restricted space of the fume cupboard, the digestion cup and 2-1. bulk hydrofluoric acid container.
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pressure of hydrofluoric acid. Pulmonary oedema was noted at autopsy but it was
unclear whether this was due to hydrofluoric acid inhalation or to other causes.

An ergonomic assessment of the work station indicated the following.

(1) The working height of the fume cupboard was too low (by between 110 and
160 mm) for the deceased to work comfortably in a standing position. Sitting
would have increased the body surface area during a spill of hydrofluoric
acid.

(2) Instability of the digestion cups due to lightweight construction, that is,
height 75 mm, diameter of base 59 mm, diameter at top 78 mm made of 2 mm
polyethylene.

(3) Lack of available space in the fume cupboard, entrance of the fume cupboard
was 470 mm wide and 410 mm high.

(4) As aresult of the design of the container, decanting from the 2-1. hydrofiuoric
acid container was awkward, involving the pronation of the forearm.

The laboratory personnel may have minimized the likelihood of a spill through
the introduction of cup supports for the digestion cups. Other ergonomic factors
which may have reduced the likelihood of a spill include:

(1) provision of a fume cupboard that had more working space;

(2) use of smaller sized bottles or better designed 2-1. 70% w/w hydrofluoric acid
containers (to minimize awkward pouring postures) or introduction of a
graduated dispensing unit to negate pouring the acid;

(3) provision of an appropriate bench height for the operator.

Overall, the laboratory did not comply with the requirements of Australian
Standards “Safety in Laboratories” (AS 2243, 1992) Parts 1, 2 and 8 in the areas of
emergency procedures, safe handling and disposal of the chemical and laboratory
design.

DISCUSSION AND CONCLUSION

Mullett et al. (1987) described a similar fatality with 70% hydrofluoric acid where
a 61-year-old male sustained burns to 8% of his body surface area. This individual
died from cardiac arrhythmia secondary to the depletion of ionized calcium, by
fluoride ion. As in the case reported here, the burns were predominantly on the right
leg, the injured person washing his leg with tap water for approximately 15 min. He
reached the hospital 35 min after sustaining the injury. Calcium gluconate gel was
not applied to the burns site until he reached the hospital and although subcutaneous
and intravenous calcium therapy was given at the hospital, he died 15.5 h after the
injury.

By contrast, Greco et al. (1988) reported the case of a 50-year-old worker who
survived burns to 22% body surface area from 70% hydrofluoric acid. He showered
immediately, had calcium gluconate gel applied to the wounds and was taken to a
nearby hospital where he was promptly treated with subcutaneous and intravenous
calcium.

It is evident that apart from the location of burns, the size of the burns and
concentration of the acid, washing the area affected immediately and the application
of calcium gluconate gel to reduce the uptake of fluoride ion may prevent a fatality.
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Greco et al. (1988) proposed that the development of hypocalcaemia may occur in
the following situations:

(a) burns of >1% surface area from 50% (or greater concentration) hydrofluoric

acid;

(b) 5% or greater surface area with any concentration of hydrofluoric acid; and

(c) inhalation of fumes from 60% (or greater concentration) hydrofluoric acid.

As noted by Stencel and Tobin (1987) and Mansdorf (1987), appropriate
protective clothing, prompt first-aid and proper clean-up procedures are critical for
workers handling hydroftuoric acid. Failure to wear appropriate PPE and failure to
follow appropriate first-aid procedures, may result in severe injury and increase the
likelihood of death from fluoride poisoning. Nearly 90% of hydrofluoric acid
exposures result in the development of some toxic sequelae, and approximately 80%
of patients require treatment in a health care facility (Krenzelok, 1992).

It is clear that the laboratory did not comply with relevant Australian Standards
for Safety in Laboratories. Compliance with the Australian Standards would have
significantly reduced the likelihood of this accident. New Australian regulations for
the control of workplace substances (National Occupational Health and Safety
Commission, 1994) require that a proper risk assessment is performed and it is hoped
that the enforcement of these regulations will prevent fatalities such as the one
described here.

Acknowledgements—The authors would like to thank WorkSafe Western Australia for permission to
publish the particulars of this fatality. We are also grateful to our colleagues for their support and
guidance: Dr Dino Pisaniello, Mr Martin Jennings, Dr K. C. Wan and Dr Jefl Langley.
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