First aid for a unique acid, HF:

A sequel

By Eileen B. Segal

NEWS REPORT

ctober 22, 1999:; Robert Belk,

a 48-ycar-old business owner,

died al Grady Mcmorial Hos-
pital after an exposure 10 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% hydrolluoric
acid, He hosed olf with water, but
rather than have his secretary call the
paramedics, he drove himself (o the
hospitall Burmms were found on both
lower legs and his left arm, but it was
the HF which went through his skin
‘hat caused his deatk the lollowing
day from rcspiratery and heart fail-
e,

The above accident, which occurred
ust before submission ol this paper,
llusirates a dire consequence of work-
ng with hydrofluoric acid without
twareness of its extreme hazards and
ack of preparedness. From the nu-
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merous queries | personally have re-
cetved after publication of my first pa-
per in 1998,% [ conclude that there are
still many more who could use infor-
mation. And from a recent spate of
tnquirics on the SAFETY listscrve, il
appears that many have nol cstab-
hished a protocel for HF exposurc or
heard of the current recommended
methods of (recatment. So a review/
update to my lirst paper seems appro-
priate. In this sequel 1 want to discuss:

I. Review of HF hazards
1. Emergency procedures
1. I'rcatments
IV. 5 vs. 15 minuics of irmgation
V. Current status of Hexafluorine

I. REVIEW OF HF HAZARDS
Hydrofluoric acid (CAS 7664 39.3) s
a high-volume chemical used in at
leasi cight industries (see Figure 1),
with production of 375,000 tons in
1998 and demand estimaled to be
400,000 1ons 1n the U.S. in 20027 [tis
considered morc hazardous than most
chemicals in five out of six ranking
sysiems®; it is ranked as one of the
mosl 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 [ have ever seen, and [ am a
Vietnam veteran.” Concentraled HF
cavering 2% of the body can be [atzl,
HY is a colorless, fuming Hquid or
gus with & strong, irrilating edor. In
concenlraled forms it is a strong pro-
tonic acid, whercas dilute solutions
are weak acids (pIK, = 3) thal remain
relatively nonionized but can penc-
trate the stratum corneum, the tough
wilerproot ouler skin layer of dead

cells, and penetrate deep into tissue
layers.” Once absorbed HF dissociates
rapidly at the physiotogical pH of 7.4.

HF —-H™ ~ F-

Toxic systemic effects occur when the
clectron-hungry Buoride ion pene-
trates and migrates intlo tissue to bind
primarily with calcium, but binding to
magnesium, sodium, and polassium
can also occur.

Ca’™ + 2F — CaF,
Mg?" + 2F° + > MgF,

Without enough calcium (hypocalce-
mia} and magnesium (hypomagnesia),
nerves fail and cell membrancs col-
lapse. In addition, excess potassium
{hyperkalemia) can occur, which can
lead to life threatening cardiac mrvth-
mizs (ventricular fibrillation). The ad-
verse cflects can progress for several
days afier exposure,

Surface invelvement of weak solu-
tions is minimal and may cven be ab-
sent. Burns to the fingers and nail
beds may leave the overlying nails in-
tact. An insidious hazard is the fact
that diluie soluticns arc indistinguish-
able from water.

The time (o onscl of symptoms is
related to the concentration ol the HF:

» At concentrations »50%: immedi-
ate burns appear with rapid destruc-
tion of tissue as noted by a whilish
discoloration, usually proceeding 1o
blisters, accompanicd by severe
pain. The pain is typically described
as “deep,” “burning,” or “throb-
bing," and ofien out ol proportion o
apparcnt skin involvement.

At concentrations between 20 and
50%: burns can be delayed 1 10 8 hr.
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Hydrofluoric Acid

Molecular weight: 20.0 daltons

Beiling puint

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

Nonflammable

hydrogen fiuoride, fluoric acid, hydrofluonde,

CAS No, 7664-39-3
UN 1052 {anhydrous}
UN 1790 (solution)
Synonyms:
flzorine monohydride
OSHA PEL 3 ppm
Descriplion: colorless gas or fuming lquid

disagrceable. pungent odor at <1 ppm
irritation of cyes 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 ol heal

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

. EMERGENCY PROCEDURES
Standard first aid for most corrosives
is to flush the exposed area with waler
for 15 min. Then {reatment by a pro-
fessional can be administered. How-
ever, because of (he dire conse-
guences of HF exposures, the
[ollowing first aid is rccommended
(based mainly on procedures uscd by
AllicdSignal®).

A, Skin Contact
1. Immediaicly {within  seconds)

shower or flush with plenty of wa-
ter.

. Remove all clothing while in the

shower (remove goggles last; dou-
ble-bag contaminated clothes).

. I 25% calcium gluconate gel or

0.13% benzalkonium chloride is
available, rinsing may be Hmited
1o 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 Qush until medical help is
available,

. Continue with cither stepa or step b.

a. Apply calcium gluconale gel
(2.5%) while wearing impervi-
ous gloves. Massage the gel
promptly and repeatedly into
burned asrca uniil pain is re-
licved. If pain does netl 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 io prevent
frostbite. If immersion is not
practical. use towels soaked
with iced 0.13% benzalkonium
chloride as compresses for the
burned arca. Change com-
presses every 2 to 4 min. Con-
tinue until pain is relieved (this
may reguire hours).

. Get medical help.

. Breathing Vapor

. Immediately get Lo fresh air,
. Call or have someone call a physi-

cian.

. Breathe 100% oxygen (10 to 12

L/min {low raic) as soon as possi-
ble.

. Trained personnel should provide

calcium gluconate (2.5%) by nebu-
lizer.

5. Gel medical attention.

3.

. Ingeslion

. Drink iarge amounts of water. Do

not induce vomiling or administer
activated charcoal.

. Drink several glasses of milk or

several ounces of milk of magnesia,
Mpylania, Maalox. or similar prod-
uct, or up to 30 Tums, Caltrale, or
other antacid tablet.

Gel immediate medical attention,

. Eye Contact

Because of the abifity of HF to pene-
lrate decp into tissue, exposure of HF
solution or vapor to the cye can pro-
duce more extensive damage than that
of other acids in similar concentra-

Industry

Electroplating

Etching

Flotation Agents

[ntegrated Iron and Steel Manufacturing
Laboratory Chemicals

Dil Refineries

Refrigeration

Semiconductors

Use

Acid Metal Cleaners—Oxide Removers

(lass Etching and Frosting

Depressants—Nonsullide Ores

Pickling Acids

Acids, Other Chemicals {non-salts)
Catalyst 1o Produce High-Octane Fue! Additives
Manufacture of Fiuorocarbons

Wet Chemical Etching

Home Use: Air-conditioning unit coil cleancrs; aluminum anlomative whee! cleaners; chrome, brass, and crysial
cleaners; masonry cleaners; rust stain remover; truck and commercial car washing compounds; waler spot remaover.

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

Bernard Blais, M.D., FA.A.Q.. FA.C.O.EM., FA.CS.

{1} ITISIMPERATIVE that immediate and thorough
treatment be provided at the EARLIEST possibie time.*
Alert emergency personncl,

(2) Immediately utllize emcergency 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 lrained in
first aid for hydrofluoric acid bums, including the use of
0.13% benzalkonium chjoride and 2.5% calcium glu.
conate gel and calcium gluconale intravenous solution
(first responders per OSHA are to be lrained 1o service
the potential hazards).

(4) Upon arrival at the scene. {irst responders should
evaluate the viclim for polential 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 cyewash generally lasts 15
minutes, in the case of HF bumns, it is 5 minules prior to
further medical ircatment or until relicved by emer-
gency personnel Clothing, jewelry, and shoes should be
removed during the showering period, removing chenti-
cal goggles last over head and eyes ciosed. Normally,
individuzls tend to closc their eyes when flushing, so it is
important to hold the eyelids open and have the victim
roll the eyeballs so water will flow Lo all surfaces.

{6) 1t 1s critical to irmgate beneath the eyelids, not just

the [ace and external surfaces of the eyelids. It is impor-
tant not only 1o iush away the caustic substance, but also
10 remove any particulate matier that may have lodged
under the eyelids.

(7) A device such as a Morgan Lens or, preferably, an
Eye lirigator can be used with a standard Ringers solution
containing 1.0% calcium gluconate and a local anesthetic
for HF ocular burns. The Eye Imigator! is a fairly new
device, consisting of a slitted loop designed to casily
slide up under the upper lid witheuot 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 continucd by the first
responder until relieved by a physician, preferably by
an ophthalmologist. Calcium gluconate should not be
infected subeonjunctivaily or subtenons, because it is
tou toxic for ocular tissue.

(9} The ophthalmologist may elect {0 conlinue iri-
gation with 500-1000 mL of 1% calcium gluconatc
solution utilizing a local anesthetie. Depending on the
severity ol the injury, the patient may be admitied Lo
hospital or discharged with a topical application of 1%
calcium gluconate eye solution, ophthalmic steraids,
antibiotics (systemic ar topical), and other treatments
for alkali corrosive eye burns such as glaucomatous
agents for elevated intraccular pressure.

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

() The employer shall ensure the readily availabiiity of medical personnel for advice and consultation on imatiers of plant health,
(b} In the absence of an infirmary, dlinic, or hospital in near proximity to the workplace which is used for the treatment of all
injured einployees, 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 budy ol any person may be expesed to injurious corrosive materials, suitable facilities for quick drenching
or flushing of the eyes und body shall be provided within the worl area for immediate emergency use.
"See ANSI £358.1-1998 puidelines, Fmergency Eyewash and Shower Equipment.

*The Lye Irrigator is available from American Health and Salety, .0, Box 46340, 6250 Nesbitt Rd.. Madison, WT 53744-6340,
(800) 522-7554. A 5-min. training video is available,

Dr. Blais is an Occupationae! Ophihalmologist, an Eve M.D., and Chairman of the Eye and Vision Commitiee of the American
College of Gecupational and Environmental Medicine (ACOEM), Consultant and Ligison lo American Academy of Oph-

thatmology for ACOEM, Clinical Professor of Ophthalmology, Albany Medical College.

tions. E g, hydrochloric acid damages
only the superficial structures of the
eye, because its penetration is limited
by a precipitated protein barrier.? In
the case of HE, immediate action
should be taken with initiz] flushing
and then treatment with sterile 1%
calcium gluconate solution. For de-

tails, sce the inset by Bernard Blais,
M.D.

I15. TREATMENTS

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

It is casy 1o usec.

It cun be sell-administcred or ap-
plicd by first aiders.

It can be applicd immediately as
soon as the burn is suspected.

It is painless to apply.

It produces no risk of increasing
tension in the lissues.
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» It can be used topically. infiltrated.
inhaled, and ophthalmically.

o Tt reduces the risk of hypocalcemia.

» INo sophisticated equipment is nec-
essary.

Pharmascience [nc. is the main sup-
plier of calcium gluconale 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; 800-363-8803,
technical infermation). Calcium Glu-
conale Gel is available in 25-g tubes in
multiples of 12 for 3264.60 in the U.S.
Quantitics of & are available for
$3165.30. A 5% [reight and handling
charge is applicable.

A. Mixing Your Own Solutions

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

1. Topical Gel (25%). 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 noi 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-uz tube of
surgical water-soluble lubricant (e.g.,
K-Y Lubricating Jelly).

2. Calcium Gluconagte Solutions
for Topical Injections. Mix one
10-mL ampule {(10%) with an egual
amount ol saline solution o give a2 5%
calcium gluconate concentrate.

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

4. Eve 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 gliconate, you will have the
proper mixture,

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

needed. the shelf-life is less of a con-
cem.

Be aware that even following emer-
gency treatment with calcium glo-
conate, delayed life-threatening burns
can still occur. Followup treatment at
a medical facilily is necessary. It is
wise to warn the hospilal 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,

1t is wise to warn
the hospital of your
intentions to bring

folks to thein 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
Sanafi Inc., 90 Park Ave, New Yook,
NY 10016 {800-446-6267). It is ava’l-
able in gallon containers as a 1:750
{0.13%) selulion. 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 & qualified individ-
ual. Since benzalkonium chioride is @
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. Assoried basins
should be kept on hand for immer-
510N5,

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 issuc of CHES

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

It is straightforward to train employ-
ees in a single emergency response
treatment (i.e., the common 15-min
wash protacal).

Recommendations in MSDSs are in-

consistent,

» There is a real possibilily that a con-
fused employec will attempt Lo apply
HF treatment to another acid, {e.g.,
HCI),

» Community-involvement programs

sircss 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
Jurther treatment. Although flushing
is effective in removing surface acid,
it does not affect the F that may
have alreqdy penctrated.

we have a dilemma, Will an exception
ta the rule for HIF cause confusion?
The solulion is, of course, 1o have a
plan in effect echead of time, and Lo
provide training (o implement that
plan. All potentjally exposed person-
nel should be trained in first-aid care
for HF burns before beginning work
with HF. Calelum  gluconate  gel
should be readily acccessible in areas
where HF exposure potential exists.

DuPont provides all ils polentially
exposed personnel with a (3" x 5
booklet and card (2.25" x 3.75"), eas-
ily carricd 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 lime at least
75% (it might be as high as 98%) of
companies using anhydrous HF have
adopted the 5-min wash. Further, he
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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 cotd
areas where a 15-min cold shower
wreaks ils own hazards.

And consider this! In 1998 Pharma-
science introduced a new product, a
sterile 2.5% isotonic calcium plu-
conate wash packaged in a plastic
cantainer (480 mL). In the cvent of an
exposure, the solution was to be ap-
plied immediatcly to affected areas
until thoroughly washed. It was
claimed that the wash removed more
HF than a purc water wash and signif-
icantly reduced the quantity of HF
that penetrated the skin. Afler wash-
ing, calcium gluconate gel was to be
applied repeatedly while secking mecd-
ical attention. Evidently HF uscrs
weren't ready {or this innovation and
as of Aug. 6, 1999, the wash was no
longer available.

V. CURRENT STATUS OF
HEXAFLUQRINE

At the 1998 spring meeling of the
Scmiconductor Salety  Associalion.
Hall et al. delivered a paper® thal pre-
sented impressive resulis about the
use of Hexafluorine, a propriefary
preduct manufactured by Laboratoire
PREVOR in France, claimed to be an
amphoteric,  hypertonic, chelating
agent specifically designed to detoxify
hydrofluoric acd. It has chemical
bend energy greater than that of eye/
skin receptors and does not produce
a signilicant exothermic reaction
with relcase of heal 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 {ollow:

1. A worker fell into a bath con-
taining 1305 L of waler, 30 L
of concentrated  hydrochlornic
acid, and 233 L of 59% HF
fcaled bath concn, 929% HEF),
immersing his entire body and
face. Hexafluorine, as well as a
regular water eyewash, was im-
mediately vsed for decontami-
nation by cowerkers, Only mi-
nor burns developed on the
back and abdomen, there was a
significant corneal burn of the
left eve, but the right eye re-
matned rrormal.

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

Experimcntal animal data on rats and
rabbits as well as in vitro data are
compclling. One such case is shown
in Figure 2. To simulatc the effects of
decontamination without {lushing, 10
mL of 0.1 N HF (0.2%) was placed in
a beaker and either water, 10% cal-
cium gluconate, or Hexalluorine was
added. The pH and the pF (pF = neg-
ative logarithm of ihe fluoride ion
concentration) were measured. As
noled, 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 caleium glu-

pH pF_
Waler Little change Little change
10% calcium gluconaic 4.5 3
Hexalluorine 6.5 6

Figure 2. Experimental Results.

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

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

One shiould always
iry to keep up to
date to learn of new
Innovations in
safety, especially
when working with
ntasty chemicals
such as HE and
then institute those
changes if they can
save lives.

Hexafluorine is being widely used in
France and Germany; Ircland, [taly,
Sweden, and the United Kingdom are
giving serious constderation to fts use.
In the U.S., PREVOR is actively seck-
ing FDA approval, armed with the
new compelling data rom Germany.
One “sticky” issuc is whether the
product should be considered a drug
or, preferably, a medical device {asitis
in Europe).

For more infgrmation on PREVOR,
check out the web siie at http//www.
prevor.com.

CONCLUSION

Because HF is a unique acid and its
emcrgency treatment is specialized
and different from that of other inor-
ganic acids, all cxposced and poicn-
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tially exposed personne! should be
made familiar with its properties and
hazards and irained ahead of time to
deal with emergency situations. In the
casc of the HF fatality mentioned in
the introductory news report, the vic-
tim evidently was not awarc of the
internal damage that the fluoride ion
could inflict. Prolocols should be set
up, appropriate supplies should be on
hand, and arrangements should be
made with nearby hospitals and pro-
fessionals because notl all physicians
may be aware of the unigue treat-
menis. In addition, onc should alwavs
try to keep up to date to learn of new
innovations in safetly, especially when
working with nasty chemicals such as
HF, and then institute thase 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
ol safely!
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dmdecker@ucdavis.edu. URL: hitp://
ehs.ucdavis.cdu. Check on “Safety
Nets” and search [or #70.

o« Medical Information

1.8, Depariment of Human Scrvices,
Public Health Service, Agency for
Toxic Subslance and Discasc Regis-
try, “Medical Management Guidelines
for Acute Chemical Exposures,” 8/1/
92; updated 4/12/99: hitp://acpo-xdv-
www_ epo.cdc.gov/wonder/prevguid/

" p0000U16/body015. him#headd0500

6000000000,
Wilkes, G. “Hydrofluoric Acid
Burns,” updated 4/11/99: htpi//

emedicine.com/emerg/lopic804 . him.

» Slide presentation
A set of 40 slides on HF geared toward
the laboratory worker is available
from the Universitly ol Declaware:
htip://www udel.eduw/OHS/chemical/
hipreseni/sld00G1 him.



