456

@)ev-ne | 8

ORIGINAL PAPERS

International Journal of Occupational Medicine and Environmental Health 2012;25(4):456-462

DOI 10.2478/S13382-012-0052-4

WORK-RELATED HEALTH EMERGENCY CASES

DUE TO HYDROFLUORIC ACID EXPOSURES
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Abstract

Objectives: Hydrofluoric acid is used in a number of industries. Work-related accidents involving hydrofluoric acid can
result in serious injury and death. The intent of this investigation was to describe work-related hydrofluoric acid expo-
sures in Texas. Materials and Methods: Work-related hydrofluoric acid exposures reported to Texas poison centers dur-
ing 2000-2010 were identified. The distribution of exposures was determined for various demographic and clinical fac-
tors. Results: There were 409 work-related hydrofluoric acid exposures in years 2000-2010. The number of work-related
exposures declined from 69 in 2000 to 18 in 2010. The patients were 85.3% male and 96.6% age 20 years or older. The
distribution of cases by route of exposure was 69.4% dermal contact, 21.0% inhalation, 12.0% ocular, and 3.7% ingestion.
At the time of reporting to Texas poison centers, the patient was already at or en route to a health care facility in 71.9% of
the cases and referred to a healthcare facility in 20.5% of the cases. The medical outcome was known or expected to be not
serious in 51.6% of the cases. Conclusions: Hydrofluoric acid exposures reported to Texas poison centers decreased over
the eleven-year period. The patients were almost all adults and primarily male. Most of the exposures occurred by dermal
contact followed by inhalation. The majority of patients were managed at healthcare facilities. Slightly over half of the

exposures were known or expected to not result in serious outcomes.
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INTRODUCTION

Hydrofluoric acid (HF), also known as hydrogen fluo-
ride, fluoric acid, hydrofluoride, and fluorine mono-
hydride, is an extremely corrosive inorganic acid. It is
a colorless liquid or gas with a strong odor. Hydrofluoric
acid is used mostly in industrial settings such as etching
and polishing glass and enamel, electronics, semicon-
ductor manufacturing, and petroleum refineries [1,2]. It
also can be found in consumer products such as those
for automotive cleaning, rust removal, and water spot

removal [1].

Human exposure to hydrofluoric acid occurs primarily
through dermal contact, although it can occur by other
routes as well [1]. Dermal contact can result in dermal
pain, erythema, edema, and burns [1,3,4]. Inhalation can
lead to mucous membrane irritation, cough, narrowing and
swelling of the throat, and pulmonary edema. Ocular ex-
posure can result in eye burns and irritation [1]. Ingestion
can lead to corrosive injury to the gastrointestinal system,
nausea, vomiting, diarrhea, and abdominal pain [1,3]. Sys-
temic effects from hydrofluoric acid exposure include hy-

pocalcemia, hypomagnesemia, hyperkalemia, and cardiac
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arrhythmia [1,3]. Deaths have been reported with adverse
contact with hydrofluoric acid [5,6]. Primary treatment of
hydrofluoric acid exposures involves decontamination by
flushing or dilution with water and application of calcium
gluconate-containing products [1,4].

Information on work-related hydrofluoric acid accidents
in the United States is limited. Previous studies have used
as data sources Hazardous Substance Emergency Events
Surveillance (HSEES) systems, Occupational Safety and
Health Administration (OSHA) summaries, Consumer
Product Safety Commission (CPSC) reports, American
Association of Poison Control Centers (AAPCC) annual
reports, and literature case reports [5,6]. United States
poison centers are telephone consultation services that as-
sist in the management of potentially adverse exposures
to a wide variety of substances such as medications, illicit
drugs, household products, industrial chemicals, plants,
animals, and food. During 2009, 1069 hydrofluoric acid
exposures were reported to United States poison centers,
although all of these were not work-related exposures [7].
Several previous studies have examined hydrofluoric acid
exposures reported to poison centers [3,4,8]. However,
none of these studies focused on work-related exposures.

The objective of this investigation was to describe the pat-
tern of work-related hydrofluoric acid exposures reported
to poison centers during a recent eleven-year period.

MATERIALS AND METHODS

Data for this investigation were obtained from the Texas
Poison Center Network (TPCN), six poison centers locat-
ed in Amarillo, Dallas, El Paso, Galveston, San Antonio,
and Temple that together service the entire state, a popu-
lation of over twenty million. The Texas poison centers
use a single electronic database to collect demographic
and clinical information on all calls they receive. The data
fields and allowable codes are defined by the American
Association of Poison Control Centers (AAPCC).

Cases were all work-related hydrofluoric acid exposures
(accidents and otherwise) reported to the TPCN dur-
ing 2000-2010. According to the AAPCC National Poison
Data System (NPDS)© Reference Manual, the definition
for exposure is “actual or suspected contact with any sub-
stance which has been ingested, inhaled, absorbed, applied
to, or injected into the body.” This definition includes “ex-
posures to nontoxic substances (if someone was concerned
enough to call to inquire about toxicity” and “exposures to
toxic substances which, because of the amount involved
or treatment rendered, do not cause clinical effects”. Al-
though most hydrofluoric acid exposures were likely to
be unintentional (accidental), some might be intentional
(suspected attempted suicide, misuse, abuse, malicious
intent), and adverse reactions. An exposure might not be
an emergency and might not require medical attention.
This is the definition of exposure used in this investiga-
tion although it may differ from the concept of exposure
as conventionally used in occupational health or medicine.
A hydrofluoric acid exposure was defined as any expo-
sure involving a substance assigned the Generic substance
code 0118000 (hydrofluoric acid), 0118280 (rust remover:
hydrofluoric acid), or 0201007 (wheel cleaner: hydroflu-
oric acid/bifluoride). The exposure was considered to be
work-related if the circumstances of (reason for) the ex-
posure was defined as “unintentional occupational” or the
exposure site was defined as the “workplace”.

The distribution of exposures was determined for the year,
month, caller location, patient gender and age, route,
whether one or more persons were involved in a particular
exposure, management site, medical outcome, and most
common listed adverse clinical effects and treatments.
The caller may be the person who was exposed, a friend
or family member, or a healthcare provider. The person
usually calls the poison center because he/she is concerned
about potentially adverse effects from the exposure and
wants to know how to manage or treat the exposure.
The caller location is listed in the TPCN as the caller’s
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address. The caller’s county was used to assign all pos-
sible cases to the eleven Public Health Regions (groups
of counties) into which Texas is divided. The distribution
by Public Health Region was then analyzed by calculation
of the percent distribution and rate per 100 000 popula-
tion based on the 2000 Census. The management site is
the location where the patient received treatment, if any.
In general, the management site may be on site (that is,
where the patient was at the time of the call such as his/
her workplace or home) or may be a healthcare facility.
The patient may already be at or en route to a healthcare
facility when the poison center was contacted or may be
referred to a healthcare facility by the poison center.

The medical outcome or severity of an exposure is deter-
mined by the poison center staff managing the patient and
is based on the observed or anticipated adverse clinical
effects. Medical outcome is classified according to the fol-
lowing criteria: no effect (no symptoms due to exposure),
minor effect (some minimally troublesome symptoms),
moderate effect (more pronounced, prolonged symp-
toms), major effect (symptoms that are life-threatening or
cause significant disability or disfigurement), and death.
All exposures are not followed to a final medical outcome
because of resource constraints or the inability to find
subsequent information on the patient. For those expo-
sures not followed to a final medical outcome, the poison
center staff record the expected outcome of the exposure.
These expected outcomes are grouped into the following
categories: not followed but judged as nontoxic exposure
(symptoms not expected), not followed but minimal symp-
toms possible (no more than minor symptoms possible),
unable to follow but judged as a potentially toxic exposure.
Another medical outcome category is unrelated effect
where the exposure was probably not responsible for the
symptoms.

The Texas Department of State Health Services institu-
tional review board considers this analysis exempt from
ethical review.

[JOMEH 2012;25(4)

RESULTS

Of 1007 total hydrofluoric acid exposures reported to
Texas poison centers during 20002010, 409 (40.6%) were
considered work-related exposures. The annual number
of reported exposures tended to decline over the eleven-
year period (Table 1). There was no seasonal pattern to
the exposures. The distribution of exposures by Texas
Public Health Region is presented in Table 2. The rate
per 100 000 population varied between 0.71 and 3.24 with
no geographic pattern.

Males accounted for 349 (85.3%) of the exposures,
females for 57 (13.9%), and unknown gender for 3 (0.7%).
Eight (2.0%) of the patients were less than 20 years in
age, 395 (96.6%) were 20 years or older, and 6 (1.5%) of
unknown age. For those patients where the exact age in
years was known, the mean age was 36 years (range 16-73
years). The circumstances of or reason for the exposure
was unintentional or accidental in 973 (96.6%) cases,
intentional in 25 (2.5%), adverse reaction in 2 (0.2%), and
unknown in 7 (0.7%).

The route of the exposure was dermal in 284 (69.4%)
cases, inhalation in 86 (21.0%), ocular in 49 (12.0%),

Table 1. Annual number of work-related hydrofluoric acid
exposures reported to the Texas Poison Center Network
during 2000-2010

Year Exposures

n
2000 69
2001 50
2002 34
2003 47
2004 36
2005 28
2006 42
2007 28
2008 39
2009 18
2010 18
Total 409




Table 2. Work-related hydrofluoric acid exposures reported to the Texas Poison Center Network during 2000-2010 by Public Health

Region where the call originated

Public Health Region Population Exposures Rate/1,000,000
R (total) .
(area: major cities) N n % population
1 (Northeast: Amarillo, Lubbock) 780 733 15 3.8 1.92
2 (North-central: Abilene, Wichita Falls) 549 267 8 2.0 1.46
3 (North-central: Dallas, Fort Worth) 5487477 108 27.0 1.97
4 (Northeast) 1015 648 23 5.8 2.26
5 (East) 740 952 24 6.0 3.24
6 (Southeast: Houston) 4854 454 72 18.0 1.48
7 (Central: Austin) 2309972 65 16.3 2.81
8 (South-central: San Antonio) 2146 154 40 10.0 1.86
9 (West-central) 524 884 14 35 2.67
10 (West: El Paso) 704 318 5 13 0.71
11 (South: Corpus Christi, Brownsville) 1737961 26 6.5 1.50
Total known 20 851 820 400 100.0 1.92

! According to 2000 Census.

Public Health Region was based on the caller county. Four calls originated outside of Texas and five cases had an unknown caller county.

Table 3. Management site and medical outcome of work-related hydrofluoric acid exposures reported to the Texas Poison Center

Network during 2000-2010

Variable Exposures
n %
Management site
On site (example, at work) 29 7.1
Referred to healthcare facility 84 20.5
Already at/en route to healthcare facility 294 71.9
Unknown 2 0.5
Medical outcome
No effect 25 6.1
Minor effect 144 352
Moderate effect 114 21.9
Major effect 12 29
Death 2 0.5
Not followed - judged nontoxic 3 0.7
Not followed — minimal effects possible 39 95
Unable to follow - potentially toxic 66 16.1
Unrelated effect 4 1.0
Not serious’ 211 51.6
Serious? 194 474
Total 409

Management site is the location where the patient received treatment, if any.

'No effect, minor effect, not followed and judged nontoxic or minimal effects possible.

*Moderate effect, major effect, death, unable to follow and potentially toxic.
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Table 4. Most common adverse clinical effects associated with work-related hydrofluoric acid exposures reported to the Texas Poison

Center Network during 2000-2010

o Exposures
Adverse clinical effect
n %

Dermal irritation/pain 206 50.4
Erythema/flushed 74 18.1
Burns (superficial) 70 171
Ocular irritation/pain 46 11.2
Burns (2nd-3rd degree) 35 8.6
Cough/choke 29 71
Edema 26 6.4
Dyspnea 23 5.6
Throat irritation 19 4.6
Headache 16 39
Red eye 14 34
Total 409

ingestion in 15 (3.7%), and other in 3 (0.7%). Some of the
exposures occurred by multiple routes.

A single individual was involved in 371 (90.7%) of the
exposures. Of the 38 (9.3%) individuals involved in multiple-
person exposures, there were seven incidents involving two
individuals and one each incidents involving three, five,
seven, and nine individuals. Additional substances were
reported to be involved in 55 (13.4%) of the exposures.
Table 3 shows the distribution of work-related hydro-
fluoric acid exposures by management site and medical
outcome. The majority of patients were already at or en
route to a healthcare facility when the poison center was

contacted, and most of the remainder were referred to
a healthcare facility by the poison center. The majority of
exposures were known or expected to result in outcomes
that were not serious. Two of the exposures were known to
have resulted in death.

Dermal irritation or pain was reported in 50.4% of the ex-
posures (Table 4). Most of the other frequently reported
adverse clinical effects were dermal, respiratory, or ocular
in nature. Table 5 presents the most frequently reported
specific treatments. Dilution/irrigation/wash and calcium
were reported to have been used or recommended in over
half of the exposures.

Table 5. Most common treatments associated with work-related hydrofluoric acid exposures reported to the Texas Poison Center

Network during 2000-2010

Exposures
Treatment
n %

Dilution/irrigation/wash 264 64.5
Calcium 234 57.2
IV fluids 37 9.0
Fresh air 25 6.1
Oxygen 17 4.2
Total 409
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DISCUSSION

This investigation describes the pattern of work-related
hydrofluoric acid exposures reported to Texas poison
centers that serve a population of over twenty million
during a recent eleven-year period. Such information is
important because hydrofluoric acid is used in a number
of industries [1,2]. Moreover, work-related accidents in-
volving hydrofluoric acid can result in serious injury and
death [1,3,4]. Such information may be particularly im-
portant in Texas. In a previous study of hydrofluoric acid
releases that used data from HSEES systems in 17 states,
the highest proportion of releases were reported from
Texas [5].

This study is subject to certain limitations. Reporting of
work-related hydrofluoric acid exposures to Texas poison
centers is not mandatory. Those exposures that are re-
ported may not be representative of all such exposures
that occur in the state. Moreover, exposure to hydroflu-
oric acid was based on reports provided by the caller who
may be the patient, a friend, or family member and were
not necessarily independently confirmed.

The annual number of reported work-related hydroflu-
oric acid exposures declined over the eleven-year period.
This may have resulted from a decrease in total work-
related hydrofluoric acid exposures. Unfortunately, such
information is not readily available. The decline in re-
ported exposures also could have been due to a decrease
in exposures that resulted in potentially adverse effects
that would be reported to poison centers or a decrease in
the tendency to contact Texas poison centers about such
exposures.

There was no clear geographic pattern to the distribu-
tion of work-related hydrofluoric acid exposures. This
suggests that those occupations and industries that use
hydrofluoric acid and may result in potentially adverse
exposures are spread throughout the state and not con-
centrated in one or more specific areas.

The majority of the patients were male. This is consistent
with the study of work-related hydrofluoric acid expo-
sures reported to HSEES systems where 85% of the vic-
tims were male [5]. In addition, a study of all hydrofluoric
acid exposures reported to a poison center in Sweden ob-
served 84% of its patients to be male [§].

Almost all of the patients were adults, and the youngest
with a known age was 16 years. This appears to indicate
that work-related hydrofluoric acid accidents involving
minors might be relatively rare in Texas.

The most common route of work-related hydrofluoric
acid exposure was dermal followed by inhalation and
ocular with relatively few involving ingestion. This would
suggest that efforts to prevent and manage work-related
hydrofluoric acid exposures should focus on dermal, in-
halation, and ocular exposures and to a lesser extent in-
gestions.

Although 87% of the exposures were reported to involve
only hydrofluoric acid, 13% involved other substances.
Since other substances might affect the management of
patients, those treating victims of work-related hydro-
fluoric acid exposures might want to ascertain whether
other substances were involved in the exposure.
Ninety-one percent of the patients were exposed to the
hydrofluoric acid by themselves. In contrast, the investi-
gation using HSEES system data found that 47% of the
incidents involved one victim [5]. This dissimilarity may
reflect differences in the data sources between the two
studies.

The majority of patients were seen at a healthcare facility
or referred to a healthcare facility by the poison center.
This might be expected considering the potentially se-
vere outcome of hydrofluoric acid exposure and is consis-
tent with previous studies [5,8]. However, slightly more
than half the exposures were known or expected to result
in outcomes that were not serious. It might be argued
that at least a portion of those patients without serious
outcomes who were already at or en route to healthcare
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facilities when the poison centers were contacted might
have been successfully managed by the poison centers
without incurring the expense of healthcare facility visits.
However, the treatment provided by the healthcare fa-
cilities may have prevented more serious outcomes from
manifesting.

Dermal irritation or pain was reported in over half of the
exposures, and many of the other most frequently report-
ed adverse clinical effects were dermal in nature. This is
to be expected considering the majority of exposures oc-
curred via dermal contact. The particular adverse clini-
cal effects observed in this study were consistent with the
literature [1,3,4].

The most common reported treatments were dilution/
irrigation/wash and administration of calcium. These
methods of treatment were compatible with the litera-
ture [1,4].

In conclusion, hydrofluoric acid exposures reported to
Texas poison centers decreased over the eleven-year pe-
riod. The patients were almost all adults and primarily
male. Most of the exposures occurred by dermal contact
followed by inhalation. The majority of patients were
managed at healthcare facilities. Slightly over half of the
exposures were known or expected to not result in seri-
ous outcomes.
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