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EXECUTIVE SUMMARY

Background

Under section 112(n)(6) of the Clean Air Act of 1990, as amended, Congress required EPA to
carry out a study of hydrofluoric acid (also called hydrogen fluoride (HF)), to identify potential hazards
to public health and the environment considering a range of events including worst-case accidental
releases, and to make recommendations for reducing the hazards, if appropriate. This report,
developed in response to the Congressional mandate, identifies and evaluates the hazards to the
public posed by the production and use of HF. It is not intended to quantify risk to the public from
HF. Analysis of public exposure to routine emissions was not included in this study because the
statutory language focuses on worst-case releases from accidents. EPA Is submitting this report to
Congress in fulfillment of Section 112(n)(6) of the Clean Air Act as amended.

Summary Findings and Recommendations

HF is used Industrially in large quantities throughout the United States (over 200,000 tons per
year) and In a great number of applications across a broad range of Industries (over 500 facilities). It
serves as a major feedstock and source of the fluorine molecule for the production of fluorinated
compounds.

An accidental release of HF from one of these industrial facilities could have severe
consequences. HF is toxic to humans, flora, and fauna In certain doses and can be lethal as
demonstrated by documented workplace accidents. HF can travel significant distances downwind as
a dense vapor and aerosol under certain accidental release conditions. Because HF can exist as an
aerosol, the cloud can contain a substantially greater quantity of the chemical than otherwise would
be the case. Thus, the potentially high concentration of HF In these dense vapor and aerosol clouds
could pose a significant threat to the public, especially in those Instances where HF is handled at
facilities located In densely populated areas. Prompt and specialized medical attention is necessary to
treat HF exposure properly.

However, the risk to the public of exposure to HF is a function of both the potential
consequences and the likelihood of occurrence of an accidental release: and the likelihood of an
accidental release of HF can be kept low if facility owners/operators exercise the general duty and
responsibility to design, operate, and maintain safe facilities. In particular, owners/operators can
achieve an adequate margin of protection both for their workers and the surrounding community by
assiduously applying existing industry standards and practices, existing regulations, and future
guidance and regulations applicable to various classes of hazardous substances in various settings.
The properties that make HF a potentially serious hazard are found Individually or In combination in
many other industrial chemicals; thus, HF does not require unique precautions. Instead, within each
of the several different circumstances in which HF is handled, an appropriate combination of general
and special precautions should result in: (1) the safe management of HF and other hazardous
substances with an emphasis on accident prevention; (2) the preparedness to properly and quickly
respond to chemical emergencies and to provide specialized medical treatment if necessary; and (3)
community understanding of the risks Involved.

The EPA does not recommend legislative action from the Congress at this time to reduce the
hazards associated with HF. The Agency believes that the legislative authorities already in place
provide a solid framework for the prevention of accidental chemical releases and preparedness in the
event that they occur. The Agency recommends that facilities handling HF coordinate closely with
their Local Emergency Planning Committees (LEPCs). LEPCs and facilities that handle HF should
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conduct drills and exercises to test mitigation, response, and medical treatment for a simulated HF
accident. Furthermore, the Agency recommends that facilities actively conduct outreach efforts to
ensure that the community is aware of the hazards of HF, that protective measures are in place to
protect public health in the event of an accident, and that proper actions will be taken during an
emergency. Facilities should be able to rapidly detect, mitigate, and respond to accidental releases in
order to minimize the consequences (e.g., through detection, monitoring, mitigation, and alert or alarm
systems). Finally, the EPA will continue to support research and development efforts for process
safety improvements and implementation, modeling and assessment improvements, and accidental
release monitoring and detection improvements.

Summary of Report

HF is a very corrosive and toxic inorganic acid. It can either be a gas or liquid in anhydrous
form (without water; 100 percent HF) or in aqueous solution (with water). Exposure to HF can cause
injury through inhalation, direct contact, or ingestion. HF is particularly caustic to tissue and exposure
may require special treatment. HF is one of the more corrosive and toxic industrial chemicals, but it is
not unigue among hazardous chemicals; other inorganic acids are similarly corrosive (e.g.,
hydrochloric acid), and some other relatively common chemicals are similarly toxic or more toxic than
HF (e.g., chlorine). HF boils at 67 °F, a temperature that is frequently exceeded under ambient
conditions, Consequently, if HF liquid is released, it may vaporize under ambient conditions.

HF exhibits release characteristics in some circumstances that may make it particularly
hazardous to the public. HF molecules may associate with one another (i.e., form larger molecules
like H,F,, HgFs, HsFg) via hydrogen bonding; such molecules may form a cloud that is heavier than
air. A vapor cloud of single, unassociated HF molecules will be lighter than air. A cloud that is lighter
than air is likely to disperse more readily than one that is heavier than air. In addition, if HF is
released under pressure above its boiling point, droplets of HF may be carried into the air as aerosol
along with HF vapor. Anhydrous HF released under pressure above its boiling point may form a cloud
of vapor and aerosol that is heavier than air and that may travel for long distances close to the
ground, posing a threat to people in its path. Although an HF vapor cloud may form under some
conditions from a release of an aqueous solution of HF, depending on concentration and release
temperature, anhydrous HF is much more likely to form a vapor cloud and, therefore, is potentially
more hazardous to the public.

HF has been a focus of interest to industry for several years. Industry groups have carried out
research and tests to characterize the behavior of HF upon release, improve dispersion modeling
techniques, and to test systems for mitigation of HF releases. A large accidental release of HF at a
petroleum refinery drew additional attention to the hazards of HF releases. The South Coast Air
Quality Management District (SCAQMD) studied the hazards of HF use and production in the Los
Angeles Basin and adopted regulations phasing out the use of anhydrous HF within the Basin. These
regulations were litigated, during which time their implementation was suspended by the court.
However, a recent court decision permitted implementation of the rule after additional rulemaking
procedures are conducted.

HF is produced at three sites in the United States: Allied-Signal, in Geismar, Louisiana; Du
Pont Chemicals in La Porte, Texas; and EIf Atochem in Calvert City, Kentucky. Production capacity
was approximately 206,000 tons in 1992. Both anhydrous and aqueous HF have a wide variety of
uses. The largest use is the manufacture of fluorine-containing chemicals, particularly
chlorofluorocarbons (CFCs). Fluorocarbon manufacture consumes 63 percent of the total HF used.
HF also may be used as an alkylation catalyst for the production of gasoline blending components;
this use consumes 7 percent of the total. Other uses include aluminum production (3 percent, with
additional HF produced and used captively) and nuclear applications (5 percent). A number of other
uses, including stainless steel pickling, manufacture of various chemical derivatives and products,
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electronics, specialty metal production, and glass etching and polishing, consume the remaining 22
percent of HF produced.

HF is regulated under a number of U.S. statutes. It is listed as a hazardous substance under
the Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA), as a
hazardous waste under the Resource Conservation and Recovery Act (RCRA), as an extremely
hazardous substance under section 302 of the Emergency Planning and Community Right-to-Know
Act (EPCRA), as a toxic substance under EPCRA section 313, as a hazardous material in
transportation under Department of Transportation regulations, as an air contaminant under the
Occupational Safety and Health Act (OSHA) Air Contaminants Standard, and as a highly hazardous
chemical under the OSHA Process Safety Management Standard. HF has been proposed as a
regulated substance for accidental release prevention under section 112(r) of the Clean Air Act. HF is
subject to risk management programs in several states, including California, Delaware, Nevada and
New Jersey. All of these regulations include HF as one of a number of regulated substances. The
South Coast Air Quality Management District in the Los Angeles Basin is the only government agency
that has adopted specific regulations for HF; these regulations would phase out use of anhydrous HF,
would require interim control measures, and would impose reporting and inventory requirements.

Industry has taken steps specifically to address and minimize the hazards of HF use and
production. The American Petroleum Institute (API), the major trade association of the petroleum
industry, has developed recommended practices for operating and maintaining HF alkylation units at
refineries; the procedures and practices described are intended to minimize the potential for an HF
release, mitigate the effects of a release if it occurs, and provide for oversight and audit of the entire
process. The National Petroleum Refiners Association endorses the APl recommended practice. The
Chemical Manufacturers Association (CMA) sponsors an HF Mutual Aid Group comprised of specially
trained teams that respond to emergencies involving HF. Companies that produce and use HF have
also formed an HF Panel under CMA auspices. The purpose of the panel is to make safety, health,
and environmental information available to the entire industry. The panel appoints various Task
Groups to address aspects of HF safety, and develops and maintains guidelines for the safe handling
of HF.

In the process of conducting the study and gathering information about HF, EPA visited a
number of facilities that produce or use HF and observed the procedures used to promote process
safety. These procedures include designing equipment for HF use to minimize hazards; regularly
testing, inspecting, and maintaining equipment; and training workers. Some facilities have installed
HF detection systems; however, reliable and accurate HF detectors have been difficult to develop,
particularly for perimeter monitoring. A number of facilities also have mitigation systems to reduce the
guantity or concentration of HF if a release occurs. Systems include water spray systems to knock
down HF vapors in case of a release, scrubber systems to absorb HF vented from process streams,
and emergency de-inventory systems to rapidly move HF from failed equipment to safe equipment.
Facilities also use remotely-operated emergency isolation valves to prevent and mitigate releases.
Because EPA observed practices only at selected sites, it is not clear to what extent practices to
promote HF safety are used at HF facilities in all industry segments,

Special equipment is used in transportation to prevent releases in case of a transportation
accident. U.S. HF producers transport anhydrous HF in rail cars that exceed DOT safety requirements
and have headshields and shelf couplers to protect the tanks in the event of a derailment. Safety
relief valves on tank cars and trucks are used to release HF gas in the event of overpressurization.
These valves are protected by extra heavy rollover type domes. Valves for loading and unloading are
also contained within the rollover protection dome on the top of the tanks. HF producers provide
rigorous training programs for drivers of HF vehicles. They also may conduct route risk analysis. One
HF producer has installed a satellite tracking system to track HF trucks. Loading and unloading of HF
from transport containers is often cited as a point where a release could occur, particularly as a result
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of failure of a transfer hose. To prevent releases, specially designed transfer hoses are used, and
precautions are taken to prevent corrosion of piping, valves, and vessels.

A large release of HF from a refinery in 1987 led to formation of a vapor cloud that migrated
through a residential area, causing a number of injuries, a large-scale evacuation, and damage to
vegetation. In general, however, there have been relatively few reports of accidents involving HF, and
only a small fraction of these caused impact to the public. There have been no off-site deaths
repotted from HF releases although some worker deaths have occurred. EPA’s analysis of accident
data is consistent with the expectation that releases of anhydrous HF or concentrated aqueous HF
solution (70 percent HF) pose more hazards both on-site and off-site than less concentrated aqueous
HF.

For its analysis of the hazards to the public from HF, EPA carried out consequence analysis,
using computer modeling techniques, for a range of worst-case accident scenarios. Modeling
indicated that releases of large quantities of HF over a short period of time (e.g., resulting from
catastrophic vessel failure) could pose a hazard to people far beyond facility boundaries, particularly
under low wind speeds and stable atmospheric conditions. This type of accident is highly unlikely,
but, based on modeling results, has the potential to cause great harm. Smaller releases may or may
not pose a hazard beyond a facility fenceline depending on the circumstances of the release.
Mitigation systems (e.g., water spray, emergency de-inventory, automatic shutoff valves) were also
modeled and shown to reduce affected distances downwind. EPA did not consider the probability
involved with these worst-case accident scenarios.

While visiting HF facilities to observe management practices, EPA also gathered information on
the Interaction between communities and facilities for emergency preparedness and planning. In the
event of a release of HF, coordination between the community and the facility would help community
officials react quickly and take proper actions to protect the public. EPCRA (SARA Title Ill), mandated
the formation of Local Emergency Planning Committees (LEPCs) to develop emergency response
plans for chemical accidents. Some HF facilities are members or supporters of LEPCs. HF facilities in
some industries have established mutual aid agreements that may also involve community officials.
Some HF facilities cooperate with local government agencies in activities such as conducting
emergency drills. The Chemical Manufacturers Association (CMA) has developed a community-
oriented program called the Community Awareness Emergency Response (CAER) program which
recommends ways for chemical facilities to develop working relationships with communities to address
emergency situations involving many chemicals including HF. EPA’s observations indicated that in
some areas near HF facilities, the public has not shown much concern or interest in the hazards of HF
and other chemicals, or in emergency preparedness and planning for chemical accidents. Also, some
facilities acknowledge that facility outreach can be greatly improved.
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1. INTRODUCTION

The purpose of this report to Congress is to study the hazards associated with the production
and uses of hydrofluoric acid and to make recommendations about reducing these hazards based on
the findings, In this report anhydrous hydrogen fluoride will be designated as HF; aqueous solutions
of hydrogen fluoride will be called aqueous HF. This distinction is important especially when
considering such things as severity of exposure, corrosivity, and likelihood of fuming and forming
dense vapor clouds upon release. Although worker exposure and environmental impacts from
routine emissions are important issues, this report focuses primarily on the potential hazards to the
public from accidental releases of HF during production, use, transport, transfer, and storage.
Analysis of public exposure to routine emissions was not included in this study because the statutory
language focuses on worst-case releases from accidents.

11 Background

EPA was directed by Congress to carry out a study of hydrofluoric acid, a toxic, corrosive
material, which when released under certain conditions, can form a dense vapor cloud, travel
downwind, and pose a serious threat to the public. This report, developed in response to the
Congressional mandate, identifies and evaluates hazards to the public posed by the production and

use of HF. EPA is submitting this report to Congress in fulfillment of Section 112(n)(6) of the Clean Air
Act as amended:

"Hydrofluoric Acid - Not later than 2 years after the date of enactment of the Clean Air Act
Amendments of 1990, the Administrator shall, for those regions of the country which do
not have comprehensive health and safety regulations with respect to hydrofluoric acid,
complete a study of the potential hazards of hydrofluoric acid and the uses of hydrofluoric
acid in industrial and commercial applications to public health and the environment
considering a range of events including worst-case accidental releases and shall make
recommendations to the Congress for the reduction of such hazards, if appropriate.”

HF is manufactured and used in the U.S. primarily for the production of fluorocarbons (63%);
for solutions used for glass etching, cleaning, stainless steel pickling, and chemical derivatives (9%);
as a catalyst for the production of gasoline (7%): for nuclear applications (5%); and for aluminum
production (3%). For the majority of the uses, there is no currently known viable alternative production
method or substitute chemical.

HF is known to be a hazard because of its toxicity and corrosivity. Exposure to HF can cause
injury through inhalation, direct contact, or ingestion, HF is particularly caustic to tissue. HF exposure
may require special treatment. HF can also form dense vapor clouds upon release and travel
downwind. However, such properties are not limited to HF. The formation of toxic, dense vapor
clouds can also potentially occur if chlorine (Cl,) ammonia (NH), and other toxic gases like
phosgene are accidentally released. In 1990, 34 and 22 billion pounds of NH, and Cl, were
produced,’ respectively, while only 0.4 billion pounds of HF were produced.*

During the summer of 1986, Amoco, Allied-Signal, Du Pont, and Lawrence Livermore National
Laboratory voluntarily conducted a series of six experiments involving atmospheric releases of HF in
an attempt to characterize its behavior. These studies, known as the Goldfish studies, were
conducted at the Department of Energy Liquefied Gaseous Fuels Spill Test Facility in Nevada and
showed that the HF did not remain a liquid following the release. Instead, under the conditions
simulating a petroleum refinery HF alkylation unit release (i.e., HF above its boiling point and liquefied
under pressure), a cold, dense cloud containing aerosol was generated which traveled a substantial
distance downwind from the release point at ground level. This result led industries involved in the
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use or production of HF to improve dispersion modeling techniques and release mitigation systems.

The Goldfish tests facilitated the formation of an extended consortium of twenty energy and chemical
companies which subsequently began a program to improve dispersion models and collect data on

mitigation of HF releases. This group performed the 1988 Hawk series tests at the DOE Nevada site
for this purpose.?

Additional attention was focused on the use of HF as an alkylation catalyst at petroleum
refineries, because of a large accidental release that occurred on October 30, 1987, at the Marathon
Petroleum Company refinery in Texas City, Texas. The release occurred when a 50-foot, multi-ton
heater convection unit was being moved for maintenance and repair and was accidentally dropped
onto an HF acid vessel. The unit severed a 4-inch acid loading line and a 2-inch pressure relief line,
causing the release of between 30,000 and 53,000 pounds of HF over a 44 hour period.** As a
result of the high release rate immediately following the accident, the vapors initially migrated to an
adjacent residential area. Eighty-five square blocks and approximately 4,000 residents were
evacuated; 1,037 residents were treated at three neighboring hospitals with skin, eyes, nose, throat,
and lung irritation.’ Vegetation was also damaged in the path of the vapor cloud, but no fatalities
occurred.

A 100-pound release of HF at a refinery in Torrance, California on November 24, 1987, further
focused public concern in California on the hazards posed by HF, especially at petroleum refineries.
Studies by the South Coast Air Quality Management District (SCAQMD) in the Los Angeles basin led
to adoption of specific regulations which phase out the use of anhydrous HF (unless its properties are
modified), require interim control measures, and impose reporting and storage/use inventory
requirements. As the only regulation in the U.S. directed specifically at anhydrous HF, Rule 1410 is
partly intended to eliminate the possibility of harm to the public in the Los Angeles basin due to an
unmitigated accidental release of HF. As a result of legal action, these regulations were temporarily
suspended.

EPA's evaluation of the processes and practices associated with the production and uses of
HF (see section 6.2) indicates that the techniques, processes, and equipment used in the various HF
industry segments are no different than those commonly used in the chemical manufacturing and
petroleum refining industries in the U.S. EPA visited a number of facilities during the course of this
study. The facilities visited were exemplary in their approaches to handling HF; however, there have
been serious problems at some facilities involving not only HF but other hazardous materials. Such
problems indicate the need for process safety management for HF and other hazardous chemicals, as
well as the need to communicate crucial information to stakeholders and the public on how to prevent,
mitigate and respond to HF releases.

1.2 Purpose
EPA performed this study:
> to gather information from producers, users, and other stakeholders in
the HF issues, and compile that information into a document for public

dissemination;

> to foster communication between the various stakeholders who have
an interest in HF issues:

> to gather information on technically sound methods with which to
solve potential safety problems associated with the industrial
production and uses of anhydrous HF; and
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> to identify the issues and problems which remain to be solved.

This study attempts to:

> characterize how and where HF is produced and used in the U.S.;

> identify and characterize the hazards specific to those uses and
processes;

> identify how industry segments try to manage and mitigate those
hazards;

> assess the potential hazards posed to the public and the environment

from HF releases; and

> identify approaches to minimize hazards and maximize safety
associated with HF and to identify issues which need additional
evaluation.

These issues must be explored and dealt with effectively to protect the health and safety of the public,
and the environment.

13 Approach

EPA believed that this study should reflect input from those individuals and organizations with
a ‘stake” or interest in its outcome. Such stakeholders include environmental groups, labor, industry,
trade associations, professional societies, and state and federal government agencies. Consequently,
EPA held a “Roundtable” meeting on October 17, 1991 in Fairfax, Virginia, with individuals representing
these interests. The goals of the Roundtable were to solicit input on the major issues surrounding HF
use, to develop ways to address critical HF issues, and to establish a group of technical reviewers for
the study. A summary of the meeting notes from the Roundtable is provided in Appendix I.

After the Roundtable, EPA met individually with some stakeholders to discuss specific issues
including quantitative risk assessment, realistic HF release scenarios, release prevention techniques,
release mitigation techniques, and any research efforts underway or contemplated concerning the
reduction of hazards associated with the use of HF. Stakeholders also provided EPA with documents
such as hazard and risk assessments, HF safe handling procedures, relevant articles about HF, and
release and dispersion modeling studies. In addition, EPA conducted its own extensive literature
search and contacted numerous other potential stakeholders and international agencies and industrial
groups. EPA also used several accidental release databases maintained by EPA, OSHA, DOT, and
other organizations to gather historical documentation on accidental HF releases, their causes and
consequences.

EPA’s preliminary analysis indicated that the greatest hazards of HF are associated with the
manufacture and use of anhydrous HF as opposed to aqueous HF. This finding was reinforced by
the Roundtable meeting and meetings with other stakeholders. For this reason, EPA decided to focus
its effort on the assessment of major hazards associated with accidental anhydrous HF releases
during manufacture and use.

EPA conducted site visits to various facilities that produce or use HF across the U.S. These
visits provided a firsthand opportunity to obtain in-depth information about the industrial processes
involving HF, the facilities’ process safety management programs, training programs, community
outreach programs, emergency preparedness and planning programs, hazard evaluation and risk

Page 3



assessment methods, release prevention systems, and mitigation systems. Tours of the process
areas enabled EPA to observe process safety and HF handling techniques. Sites visited included
facilities in the HF production industry, the petroleum refining industry, the chlorofluorocarbon
manufacturing industry, the semiconductor industry, and the aluminum production industry.

In the preparation of the study, the Agency consulted with contacts in Canada, the United
Kingdom, France, the Netherlands, Sweden, and other countries to ensure that the most updated
information concerning international efforts to assess and manage HF was included in the report.
EPA also had representatives from industry, academia, and local governments review an early draft of
the HF report (May 8, 1992) to verify the technical accuracy and completeness of the information
contained in the report. A list of the reviewers and a summary of their comments are provided in
Appendix .

The Hydrogen Fluoride Review Subcommittee of the Environmental Engineering Committee of
the EPA Science Advisory Board (SAB) also reviewed an early draft of the technical aspects of the HF
report (May 8, 1992). The SAB’s primary suggestions included a more rigorous definition of the
concepts of hazards, consequences, and worst-case scenarios, the development of a credible worst-
case accidental release scenario, and the further consideration of exposure time in the dose response
analysis. The SAB also made recommendations on the use of dispersion models as they apply to
various accident scenarios.” As a result of SAB recommendations, the report was revised to clarify
the definitions of certain concepts, to expand modeling input descriptions, to base consequence
analysis on dose rather than on concentration, and to address the issues and limitations involved in
developing worst-case scenarios. A list of members of the SAB Hydrogen Fluoride Review
Subcommittee is provided along with other technical reviewers in Exhibit 1I-1 of Appendix II.

EPA also held a public meeting on July 12, 1998 to present and discuss the preliminary
findings of the HF report. The meeting provided a forum for oral and written comments to be
presented by individual attendees. A summary of these comments is provided in Appendix IlI.
1.4 Organization of the Report

This report integrates information gathered about HF into a presentation that provides:

> an overview of what HF is chemically and physically and how it reacts upon release;

> a picture of how, where, and in what form and quantity HF is produced and used in
the US,;

» an overview of regulatory controls and industrial standards and guidelines already or

soon to be in place to manage HF safely for protection of worker and public health
and safety and the environment;

> a characterization of specific HF industries and the processes involved in producing
and using HF;
> an evaluation of general process hazards as well as a focus on any special or unique

hazards associated with the HF processes under consideration;

> a discussion of chemical process safety management and the specific HF industry
practices in place to prevent or minimize the impact of accidental releases;

> an overview of release detection and mitigation systems in place and under
consideration in the event of an accidental HF release:
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an analysis of historical HF accidental releases to identify the causes and
consequences of releases, to determine how HF chemical and process hazards
contribute to accidental releases, and to determine how to prevent such releases:

a discussion of computer models to analyze the consequences of HF releases and a
consequence analysis performed by EPA on worst-case accidental releases;

a discussion of emergency preparedness and planning considering both the industry
and community perspective:

identification of issues and questions that remain to be resolved: and

EPA's findings and recommendations.
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2. PROPERTIES AND HAZARDS OF HYDROGEN FLUORIDE

This chapter discusses the physical and chemical properties and hazards of both anhydrous
and aqueous hydrogen fluoride, the potential health hazards posed by various routes of exposure, the
behavior of HF upon release, and the potential environmental hazards that could result from a release.

2.1 Description of Physical and Chemical Properties

Hydrogen fluoride (HF) is a strong inorganic acid. It can be either a colorless, corrosive liquid
or a colorless gas.” Anhydrous HF is miscible in water. HF in anhydrous form or in concentrated
solution fumes strongly when in contact with moisture in the atmosphere, forming a white mist.>*

HF is commercially available in anhydrous form (without water) and aqueous form (in water solution).
Agueous HF is often called hydrofluoric acid. Anhydrous HF is normally produced with a purity of 99
to 99.9 percent; agueous HF primarily is produced commercially as a 70 percent solution, although
electronic and reagent grades of 5 to 52 percent are produced as well.* Both forms have a sharp,
pungent odor;® the odor threshold is 0.04 pans per million (ppm).° A brief summary of selected
chemical and physical properties of anhydrous and aqueous HF is presented in Exhibit 2-1.

EXHIBIT 2-1
Physical/Chemical Properties of Hydrogen Fluoride

Property Anhydrous HF Aqueous HF (70%)

. __________________________________ _________________________|

Boiling point 19.54% 66.4%

Melting point -83.55% -69°C

Density at 25°C 0.9576 g/cm® 1.22 glem®

Solubility in water complete complete

Vapor pressure 922 mm Hg at 25°C 150 mm Hg at 25°C
Source: Kirk-Othmer Encyclopedia of Chemical Technology, 3rd ed., Vol. 10, 1980.

Like other acids, aqueous HF is corrosive to a number of common industrial materials
including iron, stainless steel, brass, glass, asbestos, concrete, and natural rubber. Aqueous HF
corrodes steel and other metals at a high rate;’ in these cases and others, specific materials of
construction must be used. Carbon steels are commonly used for concentrations of aqueous HF 70
percent and higher, while chlorobutyl rubber-lined equipment can be used for aqueous solutions up to
70 percent.’” Equipment commonly used in an HF atmosphere such as hoses, gaskets, tanks, valves,
pipes, and pumps must be resistant to corrosion caused by HF.

HF is highly reactive, and in many cases, the reaction products are hazardous and may create
dangerous situations. In a manner similar to other concentrated inorganic acids, HF reacts with
sulfides and cyanides generating the toxic gases hydrogen sulfide and hydrogen cyanide,
respectively. Reaction of HF with glass, concrete, and other silicon-bearing materials yields silicon
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tetrafluoride gas, and reaction with a number of common metals, such as steel, yields flammable
hydrogen gas (HF itself is nonflammable). Contact of HF with alkalies and some oxides can cause
strong exothermic reactions. Adding relatively small amounts of water to either anhydrous HF or
concentrated solutions of aqueous HF results in a violent reaction that produces heat and can cause
spattering of the material; however, in large excess, water can be an effective mitigation agent
because of heat absorbing properties, provided it is added promptly after the spill or releases.’

2.2 Health Hazards

Exposure to HF can cause injury through inhalation, direct contact, or ingestion.”
Repeated ingestion of HF can cause increased bone and joint density typical of fluorosis or chronic
fluoride poisoning.” Acute exposure to HF will result in irritation, burns, ulcerous lesions, and
localized destruction of the tissues (necrosis) of the eyes, skin, and mucous membranes.*
Concentrations of HF above 25 ppm in air can cause eye irritation; at 20 to 30 ppm, a reflex breathing
difficulty is additional indication of the chemical's presence.” HF is not considered to be
carcinogenic.*

While acute exposure to high concentrations of HF can cause severe health effects and even
death, one study indicates that individuals surviving such exposures do not suffer long-term effects.
The health of seven workers who survived exposure to high concentrations of HF (approximately
10,000 ppm) for several minutes in an industrial accident in Mexico was examined periodically for up
to 11 years following the accident to evaluate any long-term effects. Long-term effects were defined
as illnesses or lesions that do not show any immediate symptoms or signs, but instead appear after a
period of time, ranging from months to years, after the exposure. The study looked for such effects as
cancer, mutations, fluorosis, and neurological disorders. Although the effects of the exposure were
life-threatening, no long-term delayed effects were observed. Particular attention was paid to possible
long-term effects on the lungs from inhalation of high concentrations of HF; however, tests showed no
chang(i_)s in lung function of the workers studied, other than changes that would occur during normal
aging.

Another study, by the Galveston County Health District and the University of Texas Medical
Branch, found indications of lingering disease symptoms, especially breathing problems, two years
after exposure to HF during the Marathon Oil Refinery incident in Texas City on October 30, 1987.
The Galveston study was based on a sample of 2,000 people, including all highly exposed individuals
and some of the individuals with intermediate, negligible and unknown exposure levels. Subjects were
interviewed once after the release as part of the exposure study and again for the symptom and
disease prevalence study. The prevalence of severe symptoms two years after the release was
significantly lower than it had been in the month after the release, but 24 percent of the highly
exposed group still reported difficulty in breathing and sleep interruption due to headaches. Some
still reported eye and skin irritations. As a group, the highly exposed individuals reported more bone
symptoms, which are a known systemic effect of fluoride exposure, than their less exposed
counterparts.™®

Questions remain in the medical and industrial communities regarding the validity of the
Galveston study. Lack of knowledge about the patients’ prior medical histories to provide a medical
baseline, disagreement regarding suitable definitions (e.g., severe exposure), and discrepancy over
the causes of the eye and skin irritation are problems yet to be resolved. The actual exposure levels
and duration are also not known. These were not documented at the time of the incident, and it is
difficult to obtain reliable information from personal surveys taken two years after an incident.”
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2.2.1 Inhalation

Inhalation of HF is particularly hazardous because HF readily dissolves in the mucous
membranes of the upper respiratory tract, nose, and throat's Dose, a function of the length of time
of exposure and the concentration to which one is exposed, is important in determining type and
amount of tissue damage incurred. Mild exposure to HF vapor can cause respiratory system irritation.
Respiratory exposure to high concentrations of HF characteristically results in disintegration of the
tissues of the upper respiratory system gulcerative tracheobronchitis) and accumulation of blood in the
lungs (hemorrhagic pulmonary edema).”® Symptoms may include coughing, choking, chills, chest
tightness, fever, and bluish discoloration of the skin due to lack of oxygen in the blood (cyanosis).
Severe exposure also can result in other systemic effects such as depletion of calcium levels
(hypocalcemia), if not treated promptly.”

Various inhalation exposure guidelines, based primarily on health effects, have been
developed for chemicals like HF that are considered to be health hazards Some of these guidelines
are discussed in Appendix IV. These guidelines are intended to provide an exposure threshold;
however, actual health effects will vary from individual to individual based on various factors such as
age, health condition, etc. Exhibit 2-2 presents two guideline levels for HF, the Immediately
Dangerous to Life or Health (IDLH) level developed by the National Institute for Occupational Safety
and Health (NIOSH) and the Emergency Response Planning Guideline-3 (ERPG-3) developed by the
American Industrial Hygiene Association (AIHA). Exhibit 2-2 also shows the IDLH and ERPG-3 for
several common toxic substances for comparison. HF is clearly a chemical of concern, with an IDLH
of 30 parts per million (ppm) for 30 minutes and an ERPG-3 of 50 ppm for 60 minutes. However,
there are more toxic chemicals like phosgene and less toxic chemicals like ammonia.

For planning purposes, exposure guidelines, such as the IDLH and ERPGS3, are sometimes
used in conjunction with air dispersion modeling techniques to assess the potential consequences of
a release of a toxic vapor. Dispersion models are used to develop estimates of the concentration of
the vapor as a function of time, location, and distance from the point of release. The exposure
guideline levels can be used as threshold concentrations or to determine dose levels to estimate
areas in which people exposed to the toxic vapor might be expected to be at risk. The IDLH is
defined for an exposure of 30 minutes, while the ERPG-3 is defined for an exposure time of 60
minutes, In cases where the duration of exposure might be expected to be significantly shorter or
longer, these concentration levels might not be appropriate.

Another approach to estimating potential effects areas uses "probit” (probability unit) analysis,
based on experimental animal lethality data, to estimate the percentages of humans affected as a
function of concentration and time. The probit method is a useful tool; however, it is subject to the
same uncertainties as other analytical methods that use toxicity data. The quantity and quality of
experimental data available vary by chemical, making it difficult to compare toxicity. The experimental
animal data upon which equation coefficients are based may vary between animal species, and the
correlation between animal and human responses may vary greatly from substance to substance;
therefore, there is likely to be uncertainty in applying probit equations. If animal data are not available
over a wide range of exposure periods, the probit equation might be particularly uncertain when
applied to exposures of much shorter or longer duration than the reported experimental exposure
times, Several different probit equations have been developed for HF.****%*%**  Depending on the
equation chosen, different results can be obtained for a given concentration and exposure duration,
As noted above, the IDLH and ERPG-3 are guideline concentration levels and are not intended to
represent potentially lethal concentrations, The results of probit analysis based on several different
equations are consistent with the definitions of these guideline levels, indicating that concentrations
equal to the IDLH and ERPGS levels would not be sufficient to cause a one percent fatality rate in a
population exposed for one hour. Probit equations for HF are discussed in more detail in Appendix V.
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EXHIBIT 2-2
Exposure Guidelines For Several Toxic Substances
Compared to HF

Lower concentration indicates higher concern, greater toxicity; higher concentration indicates
lower concern, lower toxicity.

IDLH ERPG-3
Chemical Name (30 minutes) (1 hour)
Phosgene 2 ppm
(8 mg/m?) (4mg/m?)
Sulfuric Acid 20 ppm 7 ppm
(80 mg/m*) (30 mg/m*)
Hydrogen Fluoride 30 ppm 50 ppm
(25 mg/m3) (41 mg/m®)
Chlorine 30 ppm 20 ppm
(87 mg/m?) (58 mg/m?)
Hydrogen Chloride 100 ppm 100 ppm ,
(149 mg/m®) (149 mg/m
Sulfur Dioxide 100 ppm . 15 ppm
(262 mg/m”) (39 mg/m?)
g
Ammonia 500 ppm 1000 ppm

(348 mg/m°)

(695 mg/m?)

IDLH. The Immediately Dangerous to Life or Health (IDLH) level, developed by the
National Institute for Occupational Safety and Health (NIOSH), represents the maximum
concentration from which one could escape within 30 minutes without any escape-
impairing symptoms or any irreversible health effects. (See the NIOSH Pocket Guide to

Chemical Hazards)

ERPG. Emergency Response Planning Guidelines (ERPGs) have been developed for a
limited number of chemicals by the American Industrial Hygiene Association (AIHA). The
ERPGs are based primarily on acute toxicity data and possible long-term effects from

short-term exposure.

The ERPG-3 is defined as the maximum concentration in air below which nearly all people

could be exposed for one hour without life-threatening health effects.

Sources: National Institute for Occupational Safety and Health
American Industrial Hygiene Association

* Normally listed in mg/m® rather than ppm. The likelihood of sulfuric acid vapor exposure is low due to very low vapor
pressure. Exposure levels are expressed in mg/m® to account for the more likely acid mist (particulate) exposure route,
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2.2.2 Contact with Skin and Eyes

Liquid HF can severely burn skin and eyes. Anhydrous HF gas or the fumes from
concentrated aqueous HF can also burn these tissues.  Like many other acids, liquid HF should
initially be diluted and rinsed from the skin surface with large quantities of water. However, additional
treatment is needed for direct contact by large amounts of concentrated HF because it may penetrate
the skin and tissue until it is neutralized by reaction with calcium available in blood and body tissue or
a medically-introduced subcutaneous source of calcium.?® Industry experience regarding minor
exposure to HF vapor has been that a “mild” sunburn effect may develop on exposed skin.”

Skin contact with anhydrous HF or solutions above 50 percent produce immediate pain and
tissue damage; exposure to solutions of 20 to 50 percent HF results in pain and reddening of the skin
that may be delayed one to eight hours, while reactions to more dilute solutions may be delayed up to
24 hours.”®” The fluoride ion can penetrate skin and attack underlying tissues and bone. The
pain is said to be excruciating and unusually persistent. Healing often is delayed, and tissue
destruction (necrotic changes) may continue to occur beneath a layer of tough coagulated tissue to
produce deep penetrating ulcers.  Hypocalcemia and other systemic effects can result from large
burns (ovglr 25 square inches), and these effects may be fatal if proper medical treatment is not
obtained.

Both liquid and gaseous HF can cause severe imitation and deep-seated burns on contact
with eyes or lids.** Corneal burns and conjunctivitis are common symptoms of exposure. If not
treated immediately, permanent damage or blindness may result from direct contact.® *
Solutions as dilute as 2 percent or lower may cause skin burns or eye irritation.®

2.2.3 Ingestion

If ingested, HF can cause immediate and severe mouth, throat, and stomach burns.* Even
small am%%mts and dilute solutions can lead to fatal hypocalcemia unless medical treatment is
initiated.

2.2.4 Recommended Medical Treatments

Burns resulting from HF contact with skin, eyes, or mucous membranes require immediate and
specialized first aid and medical treatment from trained personnel. This treatment differs from the
treatment of burns from other acids. If untreated or improperly treated, permanent damage, disability,
or death may result. Treatment may involve introducing an agent to react with the fluoride ion and
prevent further or continuing tissue destruction. For skin contact, Du Pont, a major manufacturer of
HF, recommends five minutes of flushing followed by calcium gluconate treatment applied as a gel or
injection of a 5 percent solution.® Calcium gluconate complexes with the fluoride ion to form an
insoluble product. Another form of treatment, as recommended by Allied-Signal, another major
manufacturer of HF, is prolonged soaking in quaternary ammonium compound solution.*

Treatment by quaternary ammonium compounds has been recommended for topical dermal
treatment, but treatment by topical calcium gluconate gel is most commonly used. Calcium gluconate
may be injected or given intravenously to treat more extensive dermal exposures.” If HF is
ingested, the stomach may need to be lavaged with lime water. Severe exposure to HF by any route
can lower serum calcium levels (hypocalcemia) and can be treated intravenously with calcium
gluconate.”* Recommended first aid treatment of exposure to HF by inhalation is similar to the
treatment recommended for many other toxic gases and vapors. First aid recommendations include
immediately moving the victim to fresh air and getting medical attention; keeping the victim warm,
quiet, and lying down; starting artificial respiration if breathing has stopped; and having oxygen
administered by a trained attendant.”® Promptness in administering treatment for exposure to HF is
crucial. The medical treatment recommended by Allied-Signal is presented in Appendix VI as an

Page 11



example of the approach one company has taken to address the special concerns associated with the
treatment of HF exposures. EIf Atochem, also a manufacturer of HF, has contracted with a nationally
prominent Poison Control Center to provide occupational health consultation following HF exposure
incidents. ThIS allows attending physicians to have instant access to specialized treatment
protocols.*

2.3 Environmental Hazards

HF may be toxic to aquatic and terrestrial life, with the effect depending on the exposure
concentration, If HF was released to the environment in sufficient concentrations, the fluoride ions in
the water could be toxic to surrounding plants and animals, while airborne HF in a vapor cloud could
burn both plant and animal tissue. Whether released to water, air, or land, HF does not biodegrade.
Calcium present in large enough quantities in soil or water will form an insoluble solid with the fluoride
ion, removing it as an immediate environmental hazard. Dilution or natural buffering capacities of soils
or water will reduce the increased acidity created by the release of HF.

HF is highly soluble in water. Fluoride ions, readily available in aqueous HF, were found to be
lethal to fresh water fish at 60 milligrams per liter (mg/L). Fluoride ions are harmful to many other
species of fish at concentrations of 40 mg/L and below. Other more sensitive aquatic life are affected
at levels as low as 10 mg/L. An aquatic toxicity rating for HF has not been assigned. According to a
Canadian study, concentrations of fluoride equal to or exceeding 1.5 mg/L constitute a hazard |n the
marine environment, while levels less than 0.5 mg/L present minimal risk of deleterious effects.*®

It should also be noted that fluoride is added to drinking water to help prevent tooth
decay . The Centers for Disease Control (CDC) recommend that communities fluoridate their
drinking water systems at the optimum fluoride level, i.e., the level that results in the least staining
and/or pitting of developing teeth (dental fluorosis) and the maximum reduction in dental decay. The
CDC have defined the optimum fluoride level in drinking water as 0.7 mg/L to 1.2 mg/L. EPA’s
standard is different from the CDC recommendation because EPA standards are based on health
effects, and the Agency considers dental fluorosis to be a cosmetic effect, not an adverse health
effect. Excesswe amounts of fluoride can also lead to crippling skeletal fluorosis, however, which is a
health effect*’ To reduce the risk of skeletal fluorosis, EPA has established a maximum
contaminant level (MCL) for fluoride in drinking water at 4.0 mg/L. EPA set a Secondary Maximum
Contaminant Level (SMCL) at 2.0 mg/L to protect against dental fluorosis. The MCL is an enforceable
standard that requires a system to install one of the identified best technologies generally available,
while the SMCL is a nonenforceable goal that requires a system that exceeds the level to give public
notification.*®

Gaseous HF can directly attack plant foliage, especially if present in high concentrations. In
low concentrations, HF is absorbed by the leaves. The most apparent effect of fluoride on vegetation
is necrosis or tip burn, but exposure to fluoride in sufficient quantities also may result in growth
abnormalities or a decrease in reproductivity in both plants and animals. Livestock that drink fluoride-
contaminated water or eat contaminated foliage may have dental lesions, bone overgrowth, lameness,
loss of appetite, a decrease in milk production, and reduced reproductivity.*

2.4 Release Characteristics

The behavior of HF in the event of a release depends on a variety of factors, including the
conditions of the release and the atmospheric conditions. If HF is superheated and released under
pressure, it will form a cloud of HF vapor and aerosol, which reacts readily with water vapor in the air.
If HF vapor is released directly or vaporizes from a liquid pool, a visible cloud is often formed because
of the reaction with moisture in the air. Anhydrous HF can be released as a vapor or as a
combination of vapor and liquid droplets. HF spilled as a liquid will evaporate at a rate that depends
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on release temperature and atmospheric conditions. HF will vaporize quickly from a pool for the first
few minutes as heat is conductively transferred to the pool surface. The pool temperature will drop as
HF vaporizes causing a corresponding decrease in evaporation rate.”® Aqueous HF can also be
released from various operations and depending upon release temperature and concentration, can
vaporize and form dense white fumes.

Anhydrous HF boils at approximately 20°C and is very soluble in water. Because of its
volatility and low boiling point, it can be readily vaporized to form a vapor cloud. Both anhydrous HF
and aqueous HF with a concentration greater than about 40 percent will react with the moisture in air
to produce white fumes.®* This reaction with moisture produces heat (exothermic reaction). The
fumes have a pungent odor and are extremely irritating if inhaled or contacted.” Depending on the
size of the vapor cloud and prevailing meteorological conditions, an HF release could pose a severe
hazard to facility personnel and the nearby public. The visibility of the white fumes can permit a
process operator to detect small leaks and spills quickly and take action to prevent them from
worsening;> unfortunately, HF fumes cannot easily be differentiated visually from common steam
leaks.

Molecules of HF liquid and gas form hydrogen bonds (i.e., the hydrogen atom in one HF
molecule forms a bond with the fluorine atom in another HF molecule) to produce variable length
chains or polymers up to (HF), at ambient temperatures. At higher temperatures, however, single HF
molecules may exist. HF liquid consists primarily of HF hexamer (HF)®. The properties of HF vary
from what might be expected because of the hydrogen bonding; the density of HF vapor is greater
than would be expected, and HF is likely to form vapor clouds that are heavier than air (i.e., it behaves
as a dense gas) and travel at ground level following a release, experiencing both gravity spreading
and turbulent flow. As the dense gas cloud mixes with air, the HF dissociates to the HF monomer, a
process that absorbs heat (endothermic reaction) and cools the cloud. Evaporation of droplets of HF
aerosol in the cloud (see below) also contributes to cooling effects. The cooling of the cloud
increases its density. As moist air is mixed into the cloud, HF reacts with the moisture to form
aqueous HF, releasing heat, warming the cloud, increasing its buoyancy, and decreasing its density.
Thus, these processes can lead to a cloud that can be either neutrally or positively buoyant (i.e., the
same density as air or lighter than air) depending on atmospheric conditions such as temperature and
humidity of the air and the rate of mixing between air and the HF cloud itself. Eventually, the cloud
becomes buoyant, dispersing vertically as well as horizontally in the atmosphere.>**

An HF release may, under certain conditions (i.e., superheated and released under pressure),
lead to aerosol formation which is a suspension of fine liquid particles in a vapor cloud. Based on
spill tests, a release of gas liquefied under pressure could form a cloud containing both HF vapor and
HF aerosol.”® Because liquid particles are airborne, aerosol formation adds greatly to the quantity of
HF contained in the cloud and thus adds to the hazards posed to workers and to the public. Aerosol
formation is not unique to HF. It depends both on the chemical and on the conditions of the release.
For example, any gas liquefied under pressure, which flashes to a gas upon release, may carry liquid
with it as a fine spray or aerosol. The aerosolization Properties of HF, H*SO*, and ammonia (NH,)
have been investigated in periodic spill test studies®*® Similar to HF, releases of liquefied NH,
under pressure have resulted in clouds containing as much as 80 percent aerosol droplets of NH5.>
Spill tests for aerosol formation of sulfuric acid and sulfuric acidf/isobutane mixtures have been
conducted, with test results indicating that a release of sulfuric acid under typical petroleum refinery
alkylation conditions would not form an aerosol.”

During the summer of 1986, Amoco Oil Company and Lawrence Livermore National Laboratory
conducted a series of six experiments involving atmospheric releases of HF. The studies, known as
the Goldfish test series, were conducted at the Department of Energy Liquefied Gaseous Fuels Spill
Test Facility in Frenchman’s Flats, Nevada. In these tests, HF was released at a temperature of 40°C
and a pressure of 110 to 120 pounds per square inch (psi®* (conditions approximating petroleum
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refinery HF alkylation unit operating parameters). Upon release, the HF formed a cloud of vapor
(approximately 20 percent of the HF) and HF/water vapor aerosol (approximately 80 percent of the
HF) which traveled downwind as a dense gas.* The tests were conducted under desert conditions;
therefore, the heat effects caused by reaction of HF with moisture in the air were probably smaller
than they would be in locations with higher humidity. In an area of higher humidity, the cloud may be
heated more because of the reaction of HF with moisture in the air; additional water, however,
reduces the volatility of the HF/water droplets which tends to keep the cloud dense longer.®®
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3. CHARACTERIZATION OF HYDROGEN FLUORIDE INDUSTRY

This chapter provides a brief overview and characterization of the industries that produce and
use HF, including production and use data and a brief discussion of the market outlook for HF. The
guantities of HF produced or used by various industry segments should provide some perspective for
considering the discussion of hazards in subsequent chapters.

3.1 Production of HF

U.S. total annual capacity for HF production was estimated to be approximately 206,000 tons
as of Aprll 15, 1992, while non-U.S. North American capacity was approximately 103,000 tons as of
mid-l 991." The HF industry has been operating at about 90 percent of capacity. Additionally, three
North American aluminum producers make 60,000 tons of HF gas annually for their own on-site use.’
Exhibit 3-1 presents U.S. producers of HF for the commercial market. Exhibit 3-2 lists other North
American producers. HF produced by the aluminum producers is not included in these exhibits
because the HF is not stored or available for the commercial market. It is produced as a result of the
aluminum manufacturing process and then used immediately on-site.

North American production is divided between Allied-Signal Inc., EI du Pont de Nemours &
Co., EIf Atochem North America, Inc., and a series of Mexican producers Allied-Signal Inc. is the
Iargest HF producer in North America with capacity of 105,000 tons at its Geismar, Louisiana plant.
Du Pont is the second largest producer with a 75,000 ton plant in La Porte, Texas. EIf Atochem North
America, Inc. has a 26,000 ton plant in Calvert City, Kentucky.* The Calvert City plant, which formerly
belonged to Pennwalt Corporatlon was merged into EIf Atochem in 1990.° The vast majority of HF
produced at Calvert City is used captively to produce a variety of quorochemlcaIs and fluoropolymers.
A small amount of hydrogen fluoride enters the merchant market.® Alcoa of the U.S., Alcan of
Canada (Canadian producer has since ceased production), and Industrias Quimicas de Mexico
produce and use 60,000 tons of HF gas captively as an intermediate in producing aluminum fluoride
for aluminum production.’

Western Europe and Japan also produce significant quantities of HF. Japan alone, for
example, has seven companies that have combined production capacities of 97,900 tons as of 1988,
while annual production capacity for Western Europe as a whole was 386,100 tons as of
January 1, 1990.% France is the largest producer in Western Europe with 105,000 tons, followed by
Germany with 93,500 tons, and the United Kingdom with 79,200 tons. Italy, Spain, Greece and the
Netherlands also contributed to the Western European total stated above. Other countries, such as
Finland and Sweden, produced less than 11,000 tons annually in the late 1980’s. Trade data indicate
that the following countries exported less than 9,900 tons annually from 1987-1990: Switzerland, the
Netherlands, United Kingdom, Portugal, Belgium, Luxembourg, South Korea, Irish Republic, Denmark,
Austria, Malaysia Federation, Taiwan, and Norway.’

Imports of HF to the United States rose from 98 100 tons in 1980 to 130,000 tons in 1989,
according to U.S. Department of Commerce data.'®"! Imports for 1991 totaled 104,900 tons. Of
this total, the U.S. received 71,100 tons (68 percent) from Mexico, 18,700 tons (18 percent) from
Canada (Canadian producer has since ceased production), 9,800 tons SQ Qercent) from Kenya, 4,200
(4 percent) from China and about 1 percent from four other countrles 213 (NOTE: The quantities
listed for Kenya and China may reflect imports of fluorspar.)™

In 1991, the U.S. exported approximately 9,000 tons of HF. Of this total, about 3,700 tons (42
percent) were exported to Canada, 3,100 tons (34 percent) were exported to Mexico, 1 ,100 (13
percent) to Venezuela, 226 (3 percent) to Taiwan, 200 (2 percent) to South Korea, and less than 105
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tons each (1 percent or less) to 24 other countries.”® Data regarding imports and exports of
individual HF producers were not found in the available literature.

U.S. HF Production Capacity for 1992

EXHIBIT 3-1

Manufacturers
(Primary producers)

Allied-Signal Inc.
Engineered Materials Sector

Du Pont Company
Du Pont Chemicals

Fluorine Chemicals Division

Elf Atochem North America, Inc.

Annual Capacity

Site Location (Thousands)
Geismar, LA 105
La Porte, TX 75
Calvert City, KY 26
TOTAL 206

Source: SRI International estimates as of April 15, 1992.

EXHIBIT 3-2

Non-U.S. North American HF Producers and Shippers

60,000 tons of HF gas annually for captive use in the production of
aluminum fluoride for aluminum production. In addition, according to the
Chemical Manufacturers Association HF Panel’s comments on the Draft HF
Report, June 5, 1992, another small Mexican company, Campanera Minera
LaValenoiana (CMV) in Torreon, Mexico, appears to be producing HF, with
an annual production capacity of 6,000 tons.

Source: SRI International estimate as of mid-1991,

Annual Capacity

Company Site Location (thousands of tons)
Fluorex Ciudad Juarez, Mexico 20
industrias Quimicas de Mexico San Luis Potosi, Mexico 11
Quimica Fluor Matamoros, Mexico 66
Quimibasicos Monterey, Mexico 6
TOTAL 103
Note: Alcoa (U.S.), Alcan (Canada), and Industrias Quimicas de Mexico produce
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3.2 Uses of HF

HF is the source of fluorine for most fluorine-containing chemicals. It is either used directly in
the manufacture of such chemicals or in the production of intermediates for their manufacture. HF is
used to manufacture a wide variety of Eroducts, including refrigerants, gasoline, electronic
components, aluminum, and plastics.”® HF is used as a reactant or fluorinating source in the
manufacture of fabric and fiber treating agents, herbicides, pharmaceutical intermediates, inert
fluorinated liquids, and electronic grade etchants.!” Stannous fluoride, used in toothpaste, is
manufactured using HF. HF lasers have been tested for use in corneal transplants™ and for use in
space.'®While the majority of HF used by industry is in the anhydrous or 100 percent form,
aqueous HF solutions with concentrations of 70 percent and lower are used in stainless steel pickling,
metal coatings, chemical milling, glass etching, exotic metals extraction, and quartz purification.?’
See Exhibit 3-3 for some examples of uses of HF.

Under section 313 of the Emergency Planning and Community Right-to-Know Act (Title Ill of
the Superfund Amendments and Reauthorization Act of 1986) facilities manufacturing, processing, or
otherwise using HF must report to EPA’s Toxic Release Inventory (TRI) if the quantity of HF
manufactured, processed, or used annually exceeds an established threshold. Facilities must report
the quantities of both routine and accidental releases of listed TRI chemicals as well as the amount
contained in wastes transferred off-site. The TRI reports exclude all non-manufacturing facilities and
those manufacturers with fewer than 10 employees. In 1990, when the threshold for manufacturing or
processing was 25,000 pounds and the threshold for otherwise using was 10,000 pounds, a total of
531 facilities reported to the TRI for HF. These facilities represented a variety of industries, and
included Government facilities (e.g., Department of Energy facilities). Facilities in the chemical,
primary metals, fabricated metals, and electronic equipment industries each made up about 18 to 20
percent of the total. Petroleum refiners accounted for 11 percent. Other facilities reporting included a
number in the transportation equipment industry and stone, glass, clay, and concrete industries.
Exhibit 3-4 presents the types of facilities reporting to TRI. Many of these facilities, particularly those in
the metals and electronics industries, probably use aqueous rather than anhydrous HF. Many also
report relatively small maximum on-site quantities. About 80 percent o