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- List of Terms
A.T.A. -- American Trucking Association

Calcium Hardness -- the measure of dissolved calcium minerals in pool water;

expressed as parts per million of calcium carbonate

C.E.U. -- Continuing Education Unit
C.F.R. -- Code of Federal Regulations (U.S.)

Chlorine Institute, Inc. -- trade association for the chlor-alkali industry, based in
Washington, DC, comprised of active members of the chlorine industry
who pool their knowledge and expertise to develop recommendations for the
safe handling and use of sodium and potassium hydroxides, sodium
hypochlorite and the safe transportation of hydrochloric acid and anhydrous
chloride gas; a special task force is currently revising existing safety
guidelines for the use of chlorine gas in residential pools

C.I.C.C. -- California Chemical Company. This corporation is the world’s largest
swimming pool chemical service corporation comprising licensees from across
the U.S. who utilize a uniform system for chlorine gas apphcatlon in residential

swimming pools.

Compressed Gas -- any material kept in a container with a pressure exceeding
40 p.s.i. at 70 degrees Fahrenheit, or 104 p.s.i. at 130 degrees.

Contaminant -- any undesirable physical, chemical, or microbiological substance

C.8.F. -- Confidential Statement of Formulation. Required by the State of
Florida Department of Agriculture and Consumer services on its Registration of
Pesticides Form.

Cylinder -- a pressure vessel designed for pressures higher than 40 p.s.i.

D.A.C.S. -- Department of Agriculture and Consumer Services

D.E. -- Diatomaceous Earth




D.E.P. -- Department of Environmental Protection (Florida)

D.O.L. -- Department of Labor (Federal)

DOT -- Department of Transportation (Federal)

D.P.R. -- Department of Business and Professional Regulation

D.T.S.C. -- Departmient of Toxic Substance Control (Federal)

EPA -- Environmental Protection Agency (Federal)

F.A.C. -- Free Available Chlorine

F.LF.R.A. -- The Federal Insecticide Fungicide and Rodenticide Act

F.M.C.S.R. -- Federal Motor Carrier Safety Regulations (Title 49)

HAZMAT (Hazardous Material) -- any material that poses an unreasonable
risk to health, safety, and/or property during transportation. These materials are
named by the DOT in the Hazardous Material Table '

HOCI -- Hypochlorous Acid. A sanitizing by-product of a chlorine-water mixture

Marking -- applying the descriptive name, instructions, cautions, weight, or
specification marks required to be placed on the outside containers of Hazardous
Materials. '

M.S.D.S. -- Material Safety Data Sheets (as required by OSHA)

NAGC -- National Association of Gas Chlorinators; a trade association comprised of
companies in the pool chlorination industry; represents many residential

chlorine gas applicators

NFPA -- National Fire Protection Association
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NSPI -- National Spa and Pool Institute; the major trade association for the swimming
pool industry; (the NSPI is working with the NAGC to revise existing
guidelines for chlorine gas use in swimming pools)

NIOSH -- National Institute for Occupational Safety and Health
OSHA -- Occupational Safety and Health Administration
OSHA Act -- The Occupational Safety and Health Act

pH -- the negative base 10 logarithm of the hydrogen ion activity (a scale used to
measure relative acidity and basicity) :

Pollutant -- any contaminant which is considered dangerous or harmful to
human health or the environment

P.P.E. -- Personal Protective Equipment

Proper Shipping Name -- the name of the Hazardous Material shown in Roman print
(not italics) in the Hazardous Material Table

Registered Hazardous Waste Transporter - a person registered by the DTSC who

engages in the offsite transportation of Hazardous Waste by air, rail, highway, or
water

Repackaging -- the transferring of chlorine gas from large shipping containers to
smaller containers (cylinders); this process can be done from pipelines directly
into cylinders and ton containers

S.C.B.A. -- Self-Contained Breathing Apparatus

Shock Treatment -- the process of periodically adding a high dose of available chlorine
to a pool (5 to 10 ppm) in order to oxidize ammonia compounds and other
organic materials, including algae and bacteria

“Suck-Back” -- back siphoning through the dispensing lines after the pressure
inthe cylinder has dropped allowing moisture into the cylinder
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Superchlorination -- a large dose (approximately 10 times the existing chlorine level in

|
|
i
the pool) of any form of chlorine into a swimming pool, used to reach break F
point chlorination |

|

Total Alkalinity -- the measure of the buffering capacity of the water and its ability to

resist changes in pH; listed as ppm of calcium (CaCO0,); exists as predominately ;
bicarbonate ions at pool water pH’s ;
|
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Executive Summary

For decades, chlorine has been used in various forms to rid water systems of
undesirable bacteria, viruses, and other microbial contaminants. Chlorine is the most widely
used chemical disinfectant and is available in gaseous form as elemental chlorine or as solid and
liquid chlorinating compounds. Investigators from the University of Florida, M.E. Rinker
School of Building Construction conducted a comprehensive study focusing specifically on the

use and regulation of chlorine gas via portable systems in residential swimming pools in

Florida.

The use of chlorine gas in Florida must be accomplished safely and those who
are at any risk of exposure to the gas must be protected. In Florida, regulations to control the
use of chlorine gas in residential pools are the responsibility of the Florida Department of
Agriculture and Consumer Services (DACS). On Federal highways, the DOT has established
rigid regulations for the transport of chlorine gas, regardless of use.

The chlorine gas applicators are further regulated by DACS in the application of
gas chlorine in swimming pools. In addition to these two primary enforcing agencies, the
Occupational Safety and Health Administration (OSHA) governs employee safety, the
Environmental Protection Agency (EPA) has enforcement responsibility for package labeling
and site registration, and the local fire marshall regulates storage.

This study concludes that residential gas chlorinators are involved in an industry
that is governed by numerous regulations in all aspects of its activities and that is open to
scrutiny by multiple governmental agencies. This report also contains recommendations to
improve the safe use of chlorine gas in residential swimming pool applications.

ix




Chapter 1
INTRODUCTION

1.1 Overview

Chlorine gas has many beneficial uses. However, despite its many benefits,
chlorine is also highly toxic. In low concentrations (3 to 5 parts per million,
airborne), chlorine is an irritant to mucous membranes, the respiratory system, and
the skin. These risks can be avoided and must be contrasted with the powerful
disinfecting qualities of this chemical. One of the many beneficial uses of chlorine
is the treatment of water in swimming pools. The gas is safe when properly used in
disinfection of swimming pools by trained professional applicators. It can be
dangerous, however, if released into the air in significant quantities because its
dispersion is very difficult to control. Experts on a special task force of the Chlorine
Institute in Washington, D.C. created Pamphlet 97 which contains recommendations
on the safe use of chorine gas in residential swimming pools. Pamphlet 97 is
available from the Chiorine Institute.

For over twenty years chlerine gas has been safely and effectively used to
sanitize residential swimming pool water in Florida by licensed companies.
Historically, residential swimming pools have also been treated with chlorine
supplied by a granular or pellet form of chiorinating compound. Commercial
chlorinators in Florida have used on-site gas chlorine as a primary sanitizer since the
1950's. : |

The use of chlorine gas is regulated by local, state, and Federal
governments. Chlorine gas is classified as a hazardous chemical and the State of
Florida enforces Federal regulations for the use and transport of chlorine gas. In
Florida, the courts, legislature, and even the Florida Construction Industry Licensing
Board (CILB) have clarified that chlorine gas is a pesticide and that chlorine gas
injection in residential swimming pools is appropriately regulated by the Florida
DACS. This interpretation is consistent with the Federal Insecticide, Fungicide and
Rodenticide Act (F.IF.R.A.} when chlorine gas is used to disinfect swimming
pools. Additionally, the use of chlorine gas as a disinfectant for treating residential
swimming pools is also regulated by the U.S. EPA, the U.S. and Florida DOT,
OSHA, the Fire Marshall, and various local boards and agencies.

The dispute over whether or not a company using the portable chiorine gas
system must be licensed as a contractor was clarified by a 1992 CILB ruling. Pool




technicians practicing only gas infusion are not contractors. The contractor’s exam
and apprenticeships do not deal with the business, technology, or training related to
the sanitation of swimming pool water with chlorine gas.

1.2 Research Objectives

The investigators have conducted a comprehensive study of the use
of chlorine gas in residential swimming pools in Florida. The objectives of this
research are twofold. The primary objective is to document the effects of chiorine
gas used in swimming pools, both on humans and on the pools. This will require
investigating:

sHow residential gas chlorinators protect swimmers from

improperly balanced pool water :

*Any risk of danger to the community and the individuals using the

chlorine gas either during transport and/or during service

*Any risk of damage to the pool finish or the pool equipment

NOTE: The above risks and/or dangers may also be attributed to dry
chlorinating compounds or liguid bleach. However, this study will focus on the
gaseous form of chlorine only.

The second objective is to examine existing regulations governing
chiorine gas applicators and to recommend improved regulations with regard to:

sLicensing or certification of chlorine gas handlers and service
personnel injecting the gas into a pool

sMinimum training required for these individuals

*Required and recommended safety equipment

eMinimum recommended safety procedures

1.3 Methodology

The research process to achieve the objectives outlined in the
previous section included, but was not limited to the following:

sComprehensive research of the subject matter, particularly the
hazards and degree of risk involved in the use and transportation of




chlorine gas and the existing regulations and licensing and training
requirements implemented by the U.S. DOT, Florida and other states
and jurisdictions.

eInterviews with swimming pool technicians, public safety officials,
trade organizations, experts in handling hazardous materials, and
other appropriate individuals and organizations.

*Analysis and evaluation of the information obtained from the
literature search and interviews.

ePreparation and submittal of a full report to BCIAC. This report
includes all objectives of this proposal and also documents the
research methods used and the findings of the study.

1.4 Benefits of the Study

The people of the State of Florida will benefit from the information that is
compiled in this report, gaining an improved awareness that will increase public safety.
Government agencies will now have a documented basis for review of regulations concerning
the use of chlorine gas in swimming pools. - This study identifies the importance of the safe
usage of chlorine gas which cannot be underestimated, especially in light of the many
advantageous uses of the gas. The chlorine gas industry will be able to reduce liability by
controlling the risks which are outlined in this report, and regulators will have a tool to help
improve operators who present a hazard to the public. In specific, the Florida DACS will be
able to use this document to assist their formulation of licensing requirements for this industry.




Chapter 2
BACKGROUND INFORMATION

2.1 History of Chlorine

The 200 year history of chlorine forms one of the most interesting and importan
chapters in the field of chemistry. Long before any other mineral resources of the earth had bee:
utilized for human endeavors, salt (NACI) was a factor in the organization of the primitive society.
Since all body fluids contain chloride, the maintenance of proper chloride levels is essential for life

The preparation of dilute aqueous hydrochloric acid from the distillation of common salt with

water soluble sulfate appears in early records. Boyle observed the evolution of chlorine gas in 1727
However, it was Carl Wilhelm Scheele who is credited with making a closer examination of th.
gas. In 1774, while investigating the properties and source of another chemical's odor, h
accidentally discovered chlorine gas. While collecting the evolved gas and testing it with severs
agents, he noticed the greenish-yellow color of chlorine, then discovered its bleaching effect o
vegetable matter and its suffocating effect on insects. He called it dephlogisticated marine acid ai
and, by 1785, defined it as oxymuriatic acid. It was only in 1809 that chlorine was considered to b
an element,.

2.2 Uses of Chlorine

Today the largest quantities of chlorine are used in manufacturing chemicals. These
include:

Solvents and other chemicals

Pesticides and herbicides

Plastics and fibers such as vinyl chloride and vinylidene chloride
Refrigerants and propellants

Deodorizers '

Disinfectants

Sodium hypochiorite production

Bleaching pulp, paper, and textiles

Drinking and swimming water purification
Sanitation of industrial and sewage wastes
Aluminum and aluminum recycling processes




2.3 Alternatives to Pool Chlorination

There are several alternatives to chlorine gas disinfection of water including ozone,
ultraviolet radiation, and ion exchange. Ion exchange involves a chemical process for the
removal of dissolved ionic contaminants. Polymeric resins that exchange “more acceptable”
ions for the ones to be removed may be used. lodine is an alternative as are chlorine
compounds in the form of solid compounds. However, in general, chlorine is the most
common, versatile, and inexpensive disinfectant,

“Other members of the halogen family, bromine and iodine, are used for treating

pool water. New developments in the use of ozone, ultraviolet light, ionization of salts, and -

other chemical compounds continue to provide new challenges and techniques in pool water
treatment,” (VanRossen, 31).

2.4 Characteristics of Chlorine

Chlorine is an element found in nature virtually always in a combined or
compounded state, usually with sodium as common salt (NACI). It is a member of the halogen
family. At standard conditions, it is a greenish-yellow gas which readily can be compressed
into a clear, amber colored liquid. Chlorine as used in commerce, is a compressed, liquefied
gas under pressure, about one and a half times as heavy as water. It is packaged in steel
containers. The compressibility coefficient of liquid chlorine is greater than that of any other
liquid element,

The physical properties of chlorine need to be identified for a better understanding
of the benefits of this disinfectant, and how it may be used safely. NIOSH, in its publication,
Occupational Health Guidelines for Chlorine, has identified some of the primary characteristics
of chiorine. These physical and chemical properties are outlined in the following sub-sections.

2.4.1 Physical Properties of Chlorine

eMolecular weight = 70.9

*Boiling point at atmospheric pressure (760 mm Hg)=-29.3 F (-34.1 C)
sSpecific gravity = 1.41 (relative to water)

eVapor density = 2.5 (relative to air)

eMelting point =-149 F (-101 C) .

#Solubility in water, g/100 g waterat 68 F (20 C)=0.7




NOTE: For more detailed information concerning the physical properties of
chlorine, see Appendix A.

2.4.2 Chemical Properties of Chlorine

oChemical symbol is CI.

Chlorine is the 17th element in the Periodic Table of Elements.

¢Chlorine is a strong oxidizer

*Chlorine, as a result of acid formation (hydrochloric and hypochlorous) upon
reaction with water, affects the water pH and consumes alkalinity. When
chlorine is introduced in water, it reduces alkalinity.

+Chlorine reacts with a great number of inorganic compounds. The products of
sorne of these reactions have great commercial value. The preparation of soda
and lime bleaches through the reaction of alkalides and alkaline earth metal
hydroxides are prime examples.

2.4.3 Reactivity

eConditions contributing to instability: Elemental chlorine is stable
eIncompatibilities: Contact with substances such as gasoline and petroleumn
products, turpentine, alcohol, acetylene, hydrogen, ammonia, sulfur and certain
finely divided metals can cause fires and explosions. ‘

e Hazardous decomposition products: None

sSpecial precautions: Chlorine will attack some forms of plastics, rubber and
coatings.

2.5 Chlorine Gas

Chlorine vapor, when inhaled, smells like household bleach and acts as a severe
irritant.  In heavy concentrations it appears greenish-yellow in color. However, in lower
concentrations, gaseous chlorine is almost colorless. Chlorine gas is 2.5 times as heavy as air.
“Because its density is higher than that of air, it tends to collect in low spots if it leaks into the
atmosphere. The vapor diffuses slowly in still air; however, air currents can cause it to disperse
throughout the work area,” (National Safety Council, 1).




Considerably more weight of solid or liquid chlorinating chemicals are needed
compared to elemental chlorine gas and the economics generally favor elemental chlorine. On a
typical 15’ by 30’ swimming pool, an average of one to two pounds of chlorine gas is needed.
By comparison, conventional treatments (pellet or liquid chlorine) require 16 to 20 pounds of a
liquid that contains 15% chlorine, by weight, in bleach form. A number of factors can influence
the amount of chlorine needed to adequately sanitize a pool:

oTime of the year

e Amount of rainfall

Existing condition of the pool

eUsage of the pool

*Condition of pool equipment
eTemperature of the pool water
*Beginning chemical balance of the pool
*Size and shape of the pool

eExposure to ultraviolet light

*Type of circulation and filtration systems




Chapter 3
CHLORINATION OF RESIDENTIAL
SWIMMING POOLS

3.1 Reasons for Chlorination

The primary reason for using chlorine in swimming pools is for the protection of
public health. Although use of chlorine as a disinfectant has been a standard procedure for a
number of years, it should be remembered that the removal of all bacteria and other organisms
from pool water is extremely difficult. '

Disease transmission via contact with swimming pool water can be prevented by
maintaining a free chlorine residual. Free chlorine, both HOCI and OCI’, oxidize chloramines,
the leading cause of eye irritation and odors in swimming pools, (Wallace 2-3). The objective
of maintaining an appropriate chlorine level is a complex one. Of the total chlorine residual in
the swimming pool water, it is the free chlorine residual in the form of HOCI that most
effectively performs the critical functions of:

Disinfection and algicide;

*Bleaching of suspended and dissolved organic matter;

*Destruction of nitrogenous compounds such as chloramines which cause eye
irritation and objectionable odors. :

A sécondary reason for chlorination is to prevent the growth of algae. The free
chlorine level must be tightly controlled to achieve the objectives of disinfection and algae
control as well as to ensure the comfort of bathers. In summary,

“While there are many chlorinating agents (or sources of chlorine), the active
chemical that is always formed when any is added to water is hypochlorous acid (HOC).
Hypochlorous acid is an extremely active and powerful chemical. [t not only destroys harmful
organisms such as bacteria, algae, fungi, and viruses, it also destroys impurities that are not
removed by filtration. o

The use of chlorine to clean water is a supplement to filtration. Filters
remove the dirt and debris suspended in water, but even the best filter cannot remove dissolved
impurities because they are not physically separate from the water. If the water looks dull or
hazy, even though the filter system is operating properly, the operator should consider a




chlorine shock treatment to oxidize the dissolved organic impurities and restore the clarity of
the water,” (VanRossen, 27 - 28).

3.2 Balancing pH and Alkalinity

Understanding the relationship between pH and alkalinity levels is vital to the
maintenance of a healthy swimming pool environment. According to Bicarbonate Experts, “In
general, when alkalinity increases, the pH of the pool tends to be higher,” (Bicarbonate
Experts, 5). Determining the proper pH range for swimming pools is dependent upon a pool’s
primary sanitizer. In addition, the alkalinity of the pool water should be between 80 and 150
ppm, not exceeding 250 ppm. The alkalinity, measured as calcium carbonate but
predominately found as bicarbonate ions at the pH of most pools, provides a buffering range
against the acidity added by the creation of HOCl and OCL’ during gas chlorination. Generally,
when the pH of pool water is too low, it is wise to raise the level of alkalinity, According to Dr.
James Brownell, University of California, Berkeley, water with normal alkalinity usually has
enough pH buffering capacity to neutralize any acidity caused by standard chlorine gas
injection. Dr. Brownell states that, “Bicarbonate results from the equilibrium between the water
and carbon dioxide from air. Its maximum concentration is set by the pH., total dissolved solids
and other ions in the water” (Brownell, 3-5).

There is little doubt that the addition of chlorine gas to pool water will reduce
the pH, but not to a dangerous level, (Herman, 42). The lowest pH level measured (between 4
and 5) was directly above the gas dispenser (Herman, 43). Dr. Brownell conducted a three-
year study on the effects of chlorine gas on the pool environment. He determined that although
the gas rising from the dispenser was very acidic (a pH of 4 was the lowest observed), the active
chlorine in uncirculated pools diffused throughout the pool within minutes, thus avoiding the
creation of hot spots of chlorine, (Brownell, 5). Both studies show that the pH quickly reaches
normal levels. '




3.3 Pool Treatment 7

When applying chlorine gas to a pool, technicians must perform the following
steps to ensure the pool treatment is accomplished in at least a minimally satisfactorily manner
from a health and safety standpoint:

sMeasure the existing conditions of the pool water for free chlorine residual,
pH, and alkalinity with respect to the buffering agent.

*Add chlorine gas, if necessary.

*Add buffering agents to balance pH and alkalinity, if necessary.

The above steps assume a properly balanced pool condition. If the pool is out of
balance, a more complicated procedure is necessary. Clearly then, there are three issues
involved in the proper application of chlorine gas. First, a means of measuring the free
chlorine, pH, and alkalinity must be available. Second, sufficient application time must be
allowed to ensure that the pool has achieved the desired concentration of chlorine, to meet the
sanitizer demand of the pool. Third, there must also be a sufficient amount of stabilizer in the
water to ensure a proper chlorine residual throughout the week.

Swimming pools require periodic checks for cyranurate acid, because “free-
chlorine” is subject to photolytic decompression by sunlight. Consequently, in swimming
pools and other applications cyanuric acid is used as a chlorine stabilizer (Engel, 115). It
should be noted that because cyanuric acid inhibits the bactericidal effect of free chlorine, a
higher total chlorine level is necessary when cyanuric acid is used.

3.4 Infusion

When preparing for chlorine injections into a residential swimming pool, the
immediate area should be cleared of all people. This should be done before beginning the
injection sequence. In addition, chiorine tank exchanges and gas treatments should always be
made only while the pool is vacant of bathers. Before injecting the chlorine gas, the pH,
alkalinity, and residual chlorine levels of the pool water should be checked.

Chlorine bubbles should not be allowed to escape the pool water. This can be
avoided by placing the chlorine gas dispensing device in the deepest area of the pool. If
bubbles escape, despite proper placement of the dispenser, the rate at which the gas is being
injected should immediately be reduced. The amount of chlorine remaining in a cylinder during
injection should be closely monitored. When a cylinder is empty, and it is below the pool water
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level, a phenomenon known as suck-back can occur. Suck-back, when the pressure drops in an
empty cylinder allowing liquid to be back-siphoned through dispensing lines and into the
cylinder, can harm the cylinder and cause a hazard. Therefore, accurate measurement to avoid
such an incident is essential.

The NAGC published a series of recommendations concerning the safety
measures to be followed when using chlorine gas for the treatment of residential swimming
pools. These recommendations are located in Appendix B.

3.5 Cleanup and Disposal

The understanding of emergency procedures for clean-up and neutralization of
chlorine gas leaks is vital to the successful use of the substance. OSHA’s €mergency response
regulations are contained in 29 CFR 1910.120. The Canadian Centre for Occupational Safety
and Health in their Chemical Infogram, recommends the following precautions concerning
clean-up and disposal:

#Only trained personnel should perform clean up.

*Ensure appropriate ventilation is provided.

*Use appropriate protective clothing and respirators.

eFollow manufacturer’s recommendations for clean-up and neutralization.
eFor disposal, comply with environmental regulations.

Clearly, chlorine gas is a substance which must be handled with a high degree of
care and caution. Facilities which are intended to store or use chlorine in any amount should be
constructed to ensure that no amount of chlorine is released into the environment. The
Compressed Gas Association offers suggestions on dealing with accidental releases.

“If accidental release should occur, the environmental effects, as well as all
relevant reporting requirements, must be considered. In the case of chlorine emergencies, or if
a chlorine-consuming process involves the discharge of wastes containing chlorine, all
governmental regulations regarding health and safety or the pollution of natural resources must
be followed.

Chlorine is only slightly soluble in water and there normally would be
little absorption in water from a cloud of chlorine gas. ‘Many forms of aquatic life are adversely
affected by chlorine in concentrations well below 1.0 ppm, but harmful concentrations are
unlikely unless chlorine or wastes containing chlorine are directly discharged into the water.
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Atmospheric releases of chlorine, where possible to contain, should be absorbed
in an alkali solution. Chlorine affects most vegetation, sometimes retarding growth rate or
yield” (Compressed Gas Association, 316).

The above procedure is used primarily conceméd with large chlorine cylinders,
whereas the maximum 25-pound cylinders used by residential chlorine gas applicators are not
be expected to produce a catastrophic situation (Engel, 1995).

A dispersion study of chlorine gas releases in hypothetical scenarios was not
conducted for this report because of the complexity of conducting dispersion studies of any type
of atmospheric release of chlorine or other gases. A wide variety of possible meterologic
conditions with a wide variety of variables can be hypothesized. Wind speed, temperature,
humidity, and the assumptions concerning the incident itself would have to be factored into the
dispersion study. There are technical publications that do contain dispersion data for large
releases on the order of thousands of pounds of gas. However, extrapolating this information to
the case of the relatively small release that could occur from a vehicle carrying 25-pound
chlorine cylinders cannot be accomplished with any significant degree of confidence. In the
opinion of the investigators, the regulations of the Federal and State of Florida Departments of
Transportation governing transport of chlorine gas, in either small or large quantities, appear to
be adequate for protecting the public.
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Chapter 4 -
.THE EFFECTS OF CHLORINE

4.1 Symptoms of Airborne Chlorine Gas Exposure

It is of vital importance that pool technicians working with chlorine gas
understand and respect safety guidelines to avoid harmful exposure to themselves and others.
Chlorine gas can cause serious respiratory damage and, in higher concentrations, death.
Chlorine gas is primarily a respiratory irritant. Concentrations in the air of 0.2 to 0.3 ppm will
produce an odor that is readily detectable. At concentrations above 5 ppm, it is unlikely that
any person will remain in a chlorine contaminated area unless he or she is unconscious or
trapped (Compressed Gas Association, 313).

Exposure to chlorine gas will cause various effects depending upon the exposure
concentration and the duration of the exposure. The U.S. DOT lists chlorine as a “poisonous”
gas in their Guide 20. The guide states that chlorine may be fatal if inhaled and that direct
contact may cause burns to the skin and eyes. - According to the Chlorine Institute’s publication,
First Aid and Medical Management of Chlorine Exposures, “Chlorine is a strong oxidizing
agent that forms hypochlorous and hydrochloric acid on contact with moist mucous
membranes,” (Chlorine Institute, 1). Low level airborne chlorine exposure (less than 3-5 ppm)
of chlorine gas may cause: '

*Skin irritation with discomfort or pain

sEye irritation with discomfont, tearing or blurring of vision

elrritation of the upper respiratory passages, characterized by throat burning and
choking sensation, (Chlorine Institute, 1-2)

High level airborne exposure to concentrations greater than 3-5 ppm may have the
following effects:

oSkin burns or ulceration

Eye corrosion with corneal or conjunctival ulceration

+Corrosion of mucous surfaces with respiratory irritation characterized by
coughing, discomfort, difficulty in breathing, or shortness of breath, (Chlorine
Institute, 2)
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A feeling of suffocation, which may lead to severe breathing difficulties can also occur
due to the fact that, “Chlorine in high concentrations acts as an asphyxiant by causing cramps in
the muscles of the larynx and thus, choking,” (Industrial Exposure and Control Technology for
OSHA, 402).

The results of high or prolonged exposure (usually longer than 8 hours) may
cause delayed lung edema and even death, (Chlorine Institute, 2). “The symptoms of exposure
to high concentrations are retching and vomiting, followed by difficult breathing. In extreme
cases, the difficulty of breathing may increase to the point where death can occur from
suffocation,” (Compressed Gas Association, 313).

In some cases of extreme exposure to chlorine gas, the symptoms and restrictive
abnormalities were observed to have completely cleared within roughly three months.
However, in other cases, the recovery period was much longer and less successful. Insufficient
evidence currently exists to present any reliable medical conclusions. Further information on
the various thresholds for chlorine gas exposure adopted by OSHA and NIOSH are listed in
Appendices C and D. With regard to extreme exposure, the Chlorine Institute has
recommended that cylinder sizes for residential gas chlorination be no larger than 25 pounds,
making extreme exposure unlikely.

4.2 Exposure Menitoring

Persons afflicted with asthma, bronchitis, and other chronic lung conditions or
irritations of the upper respiratory tract should not be employed to work in areas where the gas
is handled. All prospective employees working with chorine gas should be given pre-
employment physical screening. If, after screening, physical fitness is in question, further
testing may be necessary. Once the worker is an active employee, periodic physical
examinations, including X-rays should be given, (Compressed Gas Association, 315).

4.3 Employee Training

Training is perhaps the single most important factor when addressing employee
safety concerns. By adhering to prudent employee training programs an employer is directly
strengthening the company’s safety record and reducing the chances of liability.

Employees should be trained to handle chlorine safely with special emphasis
placed on actions to be taken and equipment to be used in case of an emergency. Each
employee should be instructed in the properties and physiological effect of chlorine gas, the
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location and proper use of several types of respiratory equipment, and the conditions under
which each type must be used. Each employee should be trained in first aid procedures (see
Sections 4.1.4 and 4.1.5), particularly in administering CPR, (Compressed Gas Association,
315) (See Chlorine Institute Pamphlet #151).

- The Compressed Gas Association suggests that a list of several physicians to be
contacted in case of emergency be located at all work stations. In addition, they suggest that
physicians on the list should familiarize themselves with any type of emergency associated with
chlorine, including worker exposure. Each employer should provide physician phone numbers
as well as the number of the chlorine gas supplier. A similar list should be posted in the area

where the gas is handled. It should also include hospital, fire department, police department,

and emergency medical rescue phone numbers. Finally, a nearby phone extension should be
located prior to the handling of chlorine gas.

4.4 General First Aid Procedures For Acute Chlorine Exposure

There is no single, specific antidote for chlorine exposure. However, prompt
medical attention and assessment are necessary for a full recovery. The Chlorine Institute
states, “Prompt treatment of anyone overcome or seriously exposed to chlorine is of the utmost
importance. The patient should be removed from the contaminated area and medical assistance
obtained as soon as possible,” (Chlorine Institute, 8). . General First Aid Procedures as
determined by the Chlorine Institute are provided below: '

eMove victim to fresh air and call emergency medical care; if not breathing,
perform artificial respiration and avoid breathing the exhaled, contaminated
breath of the victim; if breathing is labored, a trained attendant should
administer oxygen.

sln case of contact with material, immediately flush skin or eyes with cool
running water for at least fifteen minutes.

eRemove and isolate contaminated clothing and shoes at the site.

¢Give nothing by mouth if person is unconscious or convulsing.

eKeep victim quiet and maintain normal body temperature.

sFirmness and assurance will help alleviate anxiety.

sEffects may be delayed; keep victim under observation. “For those who have
been exposed but are not in immediate medical distress, obtain pulmonary
function test data and.compare with baseline,” (Chlorine Institute, 2)
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Emergency phone numbers and further First Aid Information, if needed, can be found
printed on any Material Safety Data Sheet (MSDS). The sheet can be obtained from the
chlorine supplier and is required by OSHA on every Job site where chlorine is used. An
alternative source is the Emergency First Aid Treatment Guide for Chlorine published by the
EPA. In addition, CHEMTREC, a 24 hour emergency service, may be contacted at 1-800-424-
9300 or the National Response Center (NRC) at 1-800-424-8802.

4.5 Chlorine Gas Inhalation First Aid Procedures

According to the Chlorine Institute, if breathing has ceased:

*Remove to fresh air and remove and dispose of any contaminated clothing.
+Call for emergency medical assistance.

sBegin artificial respiration.

oIf pulse has also ceased, begin cardiopulmonary resuscitation (CPR)
immediately. '

eTrained personnel should administer humidified oxygen by inhalation as soon
as possible, (Chlorine Institute, 2).

If breathing has not ceased.

*Move to fresh air and remove any contaminated clothing.

*Place patient in a comfortable position.

sEncourage slow, regular breathing.

*Trained personnel should administer humidified oxygen as soon as possible.
eKeep patient warm and at rest.

*Render any other necessary first aid.

*Alleviate anxiety by explaining the various procedures being used and obtain
cooperation, especially for breathing exercises.

*Position patient in chair; in severe cases have the patient lie down with the
head and trunk elevated to a 45-60 degree position, (Chlorine Institute, 3).
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4.6 Recommended Safety Equipment

Facility: B-Kit (Emergency kit for one-ton container leaks)
Coffin for small cylinders (Cylinder containment vessel)
SCBA’s (self-contained breathing apparatus)

Escape respirators (used to protect breathing)
Eyewash (to dilute or wash out chlorine)

Shower (to rinse the affected area)

Oxygen

Safety cap for chiorine valves

Ammonia vapors to be used to identify chlorine leaks
Spare chlorine wrenches

Mobile radio for emergency communication

Vehicles: Safety caps
Escape respirator
Mobile radio
Spare wrenches

Note: These recommendations exceed or are the same as those required by
OSHA, EPA and DOT.

4.7 The Effects of Chlorine Gas on Swimming Pools and Equipment

The pH balance of pool water can also affect the condition of a pool’s finish and
equipment. When properly buffered, however, chlorine gas, aside from being a highly effective
means of disinfection and algae-control in pools, has little, if any, effect on pool equipment and
liners. In equivalent quantities, chlorine gas creates more hypochlorous acid (HOCI) than any
other form of chlorination. HOCI results from the addition of any active chlorine compound
into pool water. It is this creation of HOC! by all chlorinating compounds and by gaseous
chlorine that necessitates chlorine buffering.

According to Dr. James Brownell, in studies funded by C.1.C.C., active chlorine
usually diffuses through the pool within minutes, and if properly injected, contact between the
small volume of treated water and any pool component is prevented, (Brownell, 1). A recent
study, entitled The pH Dynamics of Gas Chlorine Injection, was conducted by Pool Chlor and
Aqua Clear. The pH levels from three different locations were closely monitored. As chiorine
gas was injected into the pool (with the pool’s circulation system turned off), the pH reactions
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were measured in terms of dispersion rate and intensity. The results of this study were
published in Pool and Spa News by Eric Herman who wrote, “So far, the data indicates that the
area most affected by the gas is a funnel-shaped area directly above the point of injection. As a
result, the area that may be the least affected by chlorine gas applications appears to be right
next to the plaster,” (Herman, 43). “This differs from powder and liquid chlorine applications,
which have a tendency to sink and then spread from the bottom up,” (Herman, 44). These tests
were conducted with the water circulation system off. Chlorine gas injection is via a
proprictary wand that is attached via a flexible hose to the chlorine gas bottle. For actual pool
servicing the pump is not to be restarted for 3 hours. The active chlorine is usually diffused
throughout the pool within minutes, (Brownell, 1). In a study of 60 pools conducted in the
early 1990°s, 2 pounds of chlorine were injected at a rate of 0.5 Ib per minute in order to
determine the distribution of pH as a function of location and time. The lowest pH of 6.0 was
located just above the injection point in the deepest section of the pool during injection. The
lowest pH at the periphery of the pool during injection was 7.2. The average starting pH of the
pools prior to chlorine injection was 8.0 and the average final pH was 7.8.

These studies show that the buffer chemlstry and dispersion techniques used by
this industry provide for adequate protection agalnst improper water chemistry and its effects on
pools and equipment,
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Chapter 5
REGULATION OF CHLORINE GAS

5.1 Federal Regulation

Nationwide, the use of chlorine gas in residential swimming pools is not a new
practice. It is cumently used in residential swimming pools throughout the U.S., with
concentrated use in Florida, Texas, California, and Arizona. Communication between states
regarding chlorine gas and hazardous materials is, in general, limited. Federal agencies such as
OSHA, the EPA, and the DOT provide for existing interstate communication lines. The EPA is
currently investigating and considering making chlorine a restricted-use pesticide, which would
mandate training and supervision requirements.

5.2 State Regulation

In the State of Florida, the Department of Agriculture and Consumer Services
(DACS) is the primary regulating agency for gas chlorinators. According to the Florida
Pesticide Law, Chapter 487 F.S., chlorine is considered to be a pesticide, and therefore, all
manufacturers and distributors of chlorine must be approved for registration by the Department
of Agriculture and Consumer Services. Currently, DACS is responsible for a test that all
registration holders must successfully complete to be properly licensed in Florida. Appendix E
gives an example of the DACS’s Application Form for the Registration of Pesticides in the
State of Florida. A sample of a registration form for a New or Amended Brand Pesticide is
shown in Appendix F. For each product to be registered, the department requires the foilowing:

*Registration fee of $225 per year

*One copy of the printed label

oConfidential Statement of Formulation

*Material Safety Data Sheet (MSDS), including a statement of emergency
treatment

Also, before beginning a chlorine gas injection business, applicators must contact the
local fire marshall and fire department to determine their particular regulations for storage of
chlorine gas.
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The following is a list of official forms which all residential gas chlorinators
must submit when working in the state of Florida: '

eApplication for Registration of Pesticides
*Florida Department of Agriculture and Consumer Services Pesticide
Registration Notice

sFlorida State Emergency Response Commission for Hazardous Materials
Annual Registration

It should also be noted that all residential gas chlorine firms must have their own
EPA product registration, EPA establishment number, training program, and documented
equipment and transportation maintenance program. All firms must comply with all other
applicable Federal (OSHA, DOT, etc.), state, and local regulations.

5.3 Current State Legislation

Florida’s Legislature is considering a series of licensing criteria for applicators

of chlorine gas. Chlorine gas received attention in a recent legislative session during which two
changes occurred:

#The swimming pool/spa servicing contractor license under the Department of
Professional Regulation now regulates chlorine gas infusion only if the
applicator attaches any equipment to the pools, a common practice in
commercial pools. _
eUnder the Department of Agriculture, a new licensing category within the
commercial applicator classification was established for chlorine gas infusion in
pools via a portable system. - Training and exam requirements for this category
became effective January 1, 1995.

20




5.4 Federal Agencies

5.4.1 Environmental Protection Agency (EPA)

Companies using chlorine gas rmust be registered with the EPA. The EPA
requires that all containers of chiorine be labeled, specifying where and how they will be used.

Before beginning a chlorine gas injection business, registration is necessary; the
following forms and information must be filed with the EPA:

oEPA Primary Registrant Label

*Notice of Supplemental Registration of Distributor with the EPA for
subregistration of a license (an example of this notice can be found in Appendix
G); this form is only required for multiple-location operations

*Application of Pesticide-Producing Establishment (an example of this notice
can be found in Appendix H)

ePesticides Report for Pesticide-Producing Establishments {an example of this
notice can be found in Appendix I)

The registration kit described in Appendix J lists all additional forms to be
filed before any business wishing to register a pesticide with the EPA’s office of Pesticide
Programs may operate.

Finally, all gas chlorination businesses are subject to inspection by the EPA
to determine compliance with the Federal Insecticide Fungicide Rodenticide Act (FIFRA).
FIFRA regulates the registration, record-keeping, inspections, reporting, transportation, and
other areas of the gas applicator’s business. An index to the FIFRA can be found in Appendix
K. In Florida, the inspection and enforcement agency for the EPA is the Florida Department of
Agriculture and Consumer Services.

5.4.2 The Occupational Safety and Health Administration (OSHA)

OSHA lists chlorine as an acutely toxic chemical. Additionally, in
accordance with the Department of Labor’s published regulations, OSHA expressly requires
compliance with its Hazard Communications Standard (HCS). This standard is part of the Code
of Federal Regulations and is listed as 29 CFR 1910.1200. The HCS is designed to result in the
flow of hazard information from the producers of chemicals to industrial users of these
products. -
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As of November 25, 1985, chemical manufacturers, importers, and
distributors were required to label shipped containers of hazardous chemicals, and to provide
Material Safety Data Sheets to manufacturing purchasers of these chemicals.

Companies practicing chlorine gas injection may be subject to random, on-
site inspections conducted by Health and Safety Compliance Officers (HSCO) to ensure
compliance with the HCS Code. The company employer is evaluated based upon compliance
with the written program requirements, use of labels, availability of MSDS and appropriate
training for employees (applicators). Citations are given for any violations discovered by
HSCO’s.

OSHA divides the various responsibilities of handling hazardous material
(in this case, chlorine gas) into two categories:

* Specific Supplier Responsibilities
OPerform Hazard Determinations
¢Comply with labeling
OMSDS Regquirements
¢ Specific User Responsibility: Perform hazard determination for hazardous
chemicals created within and used exclusively on-site.

OHSA also requires, in accordance with the Department of Labor’s 29 CFR
1910.1200(e), that all employers have a Written Hazard Communication Program. Each
program will vary, depending on the nature of the site and will be used as a guide for HSCO’s
in determining acknowledgment of the employer of the requirements of 29 CFR 1910.1200(e).
A citation will be given to any employer who fails to provide a Written Hazard Communication
Program. This program should include:

¢Labels _
sMaterial Safety Data Sheets
eTraining

Finally, as of 1983, all residential chlorine gas businesses were required to comply with
regulations 1910.101 and 1910.166 (see Appendix L). The State of Florida Bureau of Industrial
Safety and Health also provides free on-site safety and health consultation services.
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5.5 Labeling

Labeling is an important aspect of handling chlorine gas. Warning signs are
required on all chlorine containers. Federal requirements are the minimums that are required to
be placed on the tanks. The labeling typical of what is required can found in Appendix M.

The National Safety Council in its Data Sheet on chlorine provides the
following, “In addition to any label or waming statement required by statutes, regulations, or
ordinances, containers should be informatively labeled according to recommendations of the
American National Standard Z129.1-1976, Precautionary Labeling of Hazardous Industrial
Chemicals,” (National Safety Council, 3). An example of a label which conforms with
recommendations of the American National Standard mennoned above can be found in
Appendix N,

Labeling is not only recommended by the National Safety Council, but is
required by OSHA and EPA, as set forth under FIFRA. As previously stated, Material Safety

Data Sheets are required wherever the gas is used. These sheets provide an important support
function to the labeling requirement.

5.6 Emergency Response

The State of Florida has established a State Emergency Response Commission
to help those involved with hazardous materials (such as chlorine gas) operate more safely. In
addition, this commission is available to assist in emergencies and provide useful advice on
emergency prevention by offering opportunities such as their Emergency Planning Committee
Meetings. Appendix O provides an Emergency Response Commission Hazardous Materials
Annual Registration Form, and Appendix P demonstrates an example of a Facility
Representation Notification Form. The add:ess for this organization can be found at the end of
this document.
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Chapter 6
Proposed Regulations

6.1 Overview

Safety and First Aid concerns must be the primary focus of any regulation
relating to the handling and use of chlorine gas to protect applicators and the public at large.
Training in this regard is essential for all chlorine gas applicators.

6.2 Minimum Recommended Service.Procedures

The minimum licensing requirements for companies introducing chlorine gas
directly into residential swimming pools in the State of Florida are being established by the
Florida DACS. The service procedure for chemically treating residential swimming pools with
chlorine needs to be clear and concise. Some suggested, generalized procedures to further
mitigate risks in residential settings are as follows:

*Non-service personnel and animals shall not be allowed in the pool area during
chlorine gas application.

*Pool service personnel shall not leave the pool area while the chlorine cylinder
is dispensing chlorine.

eService personnel shall apply chlorine to a pool from a cylinder larger than a
twenty-five pound capacity.

ePermanent records of events transpiring at each site visit and treatment shall be
maintained. Any instructions given to the pool owner by the servicing
personnel shall be documented.

6.3 Licensing of Applicators

Chlorine is classified as a general-use pesticide. Because of this rating, no EPA
qualification or training of applicators is required at this time. Currently, the training of
applicators of chlorine gas is up to the companies themselves, as dictated by their EPA label,

Presently, the EPA is considering changing chlorine to a restricted-use pesticide, which would
then require formal training guidelines.
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The NAGC, in their Chlorine Applicator’s Study Guide, provides a proposed
sample test for those intending to apply chlorine gas in residential swimming pool, which may
be an appropriate starting point for potential gas applicators,
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Chapter 7
CONCLUSIONS AND RECOMMENDATIONS

7.1 Conclusions

Chlorine gas and other forms of chlorinating compounds are both beneficial and
dangerous chemicals which must be handled properly and with considerable care in order for
the benefits of the chemical to out-weigh its risks of usage. Because of the widespread
application of chlorine gas in industry and water treatment systems, the use and handling of this
gas is well understood. The safety record of chlorine gas in the U.S. is at least as good as that
of any other dangerous gas. This record is primarily the result of handling and use guidelines
established by the Chlorine Institute, Inc. and ‘regulations established by the Federal
government. _

Due to the requirements established by Federal and Florida rules and
regulations, chlorine gas injection is a safe and effective method for disinfecting residential
swimming pools. Maintaining safe levels of chlorine to disinfect pool water is a process that
requires close monitoring. This study has shown that the storage, use, and handling of chlorine
gas is regulated by many overlapping regulatory authorities. Licensing and testing of
residential swimming pool gas chlorinating companies by Florida DACS will further insure
safe operations.

7.2 Recommendations

The following are recommendations for chlorine gas application in residential
swimming pools.

1. Companies involved with chlorine gas application into residential swimming

pools need to be held responsible for properly training and equipping their

employees.

2. Existing regulations must be uniformly enforced.

3. The Department of Agriculture and Consumer Services (DACS) needs fo be

provided with additional funding and personnel to monitor and enforce safe
“operations for chlorine gas application into residential swimming pools

throughout the State of Florida.
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4. DACS needs to complete the testing requirements and licensing of companies
in the residential chlorine gas industry.

5. The penalty system needs to be enforced to ensure that those who violate
chlorine gas application regulations will receive fines, and/or loss of
certification.

6. The Department of Transportation needs to uniformly enforce regulation of
chlorine gas safety procedures while gas is being transported over public
highways.

7. Governmental agencies need to work together to ensure safe transportation,
handling, and infusion of chlorine gas into swimming pools.

8. Chlorine gas applicators should make written copies of their training and
safety programs available for the Department of Agriculture to review.

9. The Florida regulations regarding chlorine gas need to be compiled in a
condensed format and made available to the Florida regulating agencies
involved with residential swimming pool chlorine gas application.

10. Employees who handle chlorine gas in residential swimming pool
application need to be certified by their own company. This certification should
address all areas of chlorine gas operation related to this industry (i.e.,
application, transportation, or infusion) and general chlorine safety.
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Appendix A

Properties of Chlorine
Chemical Symbol: Cl
CAS Registry Number: 7782-80-5
DOT Classification: Nonflammable Gas
DOT Label: Nonflammable Gas and Poison
Transport Canada Classification: 24
UN Number: UN 1017
RTEC Number: F02100000

(assigned in the US by the National
Institute for Occupational Safety and

Health)

Physical Constants of Chlorine

at boiling point

US Units S1 Units

Chemical Formula Cl Cl
Atomic Weight 35.453 35.453
Molecular Weight 70.906 70.906
Density of the gas 0.20057 lb/ft 3.2127 kg/m

at32°F (0° C) '

and 1 ATM.
Specific Gravity of the gas 2.485 2.485

at32° F (0°C)

and 1 ATM.
Specific Volume of the gas 5.3882 ft/lb 0.33638 m/kg

at 70° F (21.1° Q)

and 1 ATM.
Boiling Point at | ATM. -29.15F -33.97C
Melting Point at I ATM. -149.76 F ~100.98 C
Critical Temperature 290.75 F 143.75C
Critical Pressure 1157 psia 7977 kPa
Critical Density 35.8 Ib/ft 573 kg/m

~ Triple Point 0.20226 psig 1.3945 kPa

Latent Heat of Vaporization 123.85 BTU/1b 288.08 kPa
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Latent Heat of Fusion

at melting point
Viscosity (liquid)

at68° F and 1 ATM.
Viscosity (gas)

at 68° F and 1 ATM.
Weight of the Liquid

at 70° F (21.1° ©)
Specific Gravity

of saturated liquid

at32°F (0° O) .

and 53.51 psia (368.92 kPa)

38.836 BTU/Ib
0.346 cP
0.0134 cP
11.73 b/gal

1.4667

90.331 kPa
0.346 mPa
0.0134 mPa
1405.3 kg/m

1.4667
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Appendix B
Recommended Minimum Safety Guidelines

The following information, regarding the application of chlorine gas in
swimming pools, was taken from the National Association of Gas Chlorinators’ Recommended
Minimum Safety Guidelines.

a. The use of a positive locking device (threads, quick-connect, or similar connector) to
attach the dispensing device to the cylinder valve is highly recommended. The attached system
must be able to withstand 200 psig. This device should be made with Cl-approved materials
only.

b. All cylinder valves are to be reconditioned and serviced a minimum of every six
months. All valve manufacturers have standards for servicing valves and criteria for specific
part replacements.

¢. A chlorine cylinder that does not have a minimum of one pound of product in the
tank should not be used. Extreme care must be used to ensure that positive pressure is
maintained within the cylinder to prevent suck-back of any element into the cylinder.
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_ Appendix C
Hazards of Chlorine at Various Atmospheric Concentrations

The following information was published by the Chlorine Institute:

Chlorine Concentration

in the air

ppm mg/m Degree of Hazard

0.2-03 0.6-09 Threshold of odor perception for the average
person

3-5 9-15 Slight irritation of the nose and upper
respiratory tract

5-8 15-24 Irritation of the respiratory tract and eyes

15-20 45-60 Immediate severe irritation of the
respiratory tract; intense coughing
and choking

30 60 Shortness of breath, chest pain; possibly

' nausea and vomiting '

40-60 120-180 Development of chemical bronchitis and fluid
in the lungs, which may occur after
several hours; chemical pneumonia may
occur several days later

Prolonged exposure, Unconsciousness and death

above 50 ppm.

1000 Death within several breaths
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Appendix D
OSHA’s Standards for Safe Chlorine Exposure

The safe range for chlorine exposure is under scrutiny and is now subject to
change. The current OSHA standard for chlorine is a ceiling level of 1 part of chlorine per
million parts of air (ppm) limit over an 8 hour day. This is also expressed as 3 milligrams of
chlorine per cubic meter of air (mg/m) using the SI system. NIOSH has recommended that the
permissible exposure limit be reduced to 0.5 ppm (1.5 mg/m) measured over a 15 minute
period. The NIOSH Criteria Document for Chlorine should also be consulted for more detailed
information. ' :
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Appendix E
Sample Application for the Registration of Pesticides

This form must be completed by the manufactufer and approved by the
State of Florida Department of Agriculture and Consumer Services.

APPLICATION FOR RESISTRIATION OF pesSTICIDES

FLO8I04 CLPARTIGENT OF AGRICULTULEZ 4 CONSUMIR SERIVICES, PESTICIDELCISTRATION SECTIGN,
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LIST 3OOV THE PLODUCTS OR KAXE BEANDS TG RECISTER. FOL LACK PLODOGT LISTES INCLLDZ:
1, TWO COPIES OF TME FIMAL PLINTED LASEL <
2. CONTIDENTLAL STATEXENT OF POLIOLATION (CST)
3. KATERIAL SAFETY DATA SEZET (NSDS) »

INCLODING A STATEIENT OF ENEECENCY TLEATWENT

% REGISTRATICN 7  Fe00uCT (ILAND) WA

4]101-1-!.‘[. CHLORINE LIQULPILO GAS (nan-Clemmablel
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JAN 291983 -

it e Liw,
Cra W'-Lnl.uﬂ!mnm'..:
“..:,‘“m
MONEY ENCLOSED §
AR TETHIZIIN]

ARCE OF PRQOUCTY L3180 (17
BACS wua enily) N

TTI7icTE_oF wer

? shave semed aypliceatNae sppiied Ceruglotar
clean 447, 04¢ F.3., and Quapear §T-1.31 T.4.C.
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O3}
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Appendix F
Sample Application for New or Amended Brand Pesticide Registration

This application must be filed with the Florida Department of Agriculture

and Consumer Services.
State of Florida
Department of Agriculture and Consumer Services
- chamrony Divislon ot Agricultural Enviranmental Services
Application for New or Amended Brand Pesticide Reglstration
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Appendix G

Sample Notice of Supplemental Registration of Distributor

This document must be filed with the EPA by the manufacturer of chlorine

gas.

AR L et I N o T Y
L A T R L L N T Y
WAbmanG T oM, 56 Idmad .

PRI ANE 8B R TR BRSPS [ RS bt

- ,\ k-1 ;
LV Epr\ NOTICZ OF SUPPLEMENTAL HESISTRATION CF SISTAIZUTA

L L T TT P

:

LPa ZRZ.STAaTICn ne 20 segT CT

Tl © JSTRIRUTIN ComAan Y nmg i

1733 - 125 $5948

~

il AND ACSRULT S8 QANC AEG.ITRANT gvus or frge. woresy L0 romes

REEL-LAL RS o LY F Y LT ok g vy eyt r
VARDIN CHIDRINATING CONCINTPATE
- 4 Wiy ] [T r vy

CHLORINAZING CONCINTRATE

vanil N0 AGEATIS ST CIaT A AN TR are o7 110 n —imte 4 thdes

A TALGTiSNS T
AHG 4 copurym NI EMGReE sy,
TELRSam e A Mad TR he
e ainien B TINT TR NS PP
FTIN S Mt R e
. Cdm tarem myek B laitien
' M bt WA e
_- B B Ly R el Aol e
S M Wl e e AL e
Fe-as  bunmet ww N R Seitr
SNRALY st

WA e e eALe e

e o jemy M W 2 LA,

iU Vel WAIAS g Seve

1M Sirmaitr By, W WTieneay

HHAAEY. W M SV S

WA (S A g MG iGN e
o

- Ll

Uen 10 Wt dmanry.

Bt Al toremy =y LY LTI
ol Be M deed ‘Bpsitemi. They mom

Rwt U et enrel bl wqReiw 3
S R PN JAE TAS SeaW B

1

WA Aty Wt et —ay -
ey d AT, BTl them
RIS wwu laguinid BF LIy,

NOTE, 00 ROT |t Sdtdmin
Ml amein,

CCNOITIONE

fo The Gruitt wolcll mws e
Wy med S RpR M UM st
Hpabred rewur,

L T Gt i U7 S S et Posr 2
et sl s 08 MG Sidhaged Bv Lhe
R AOrERA W) iyt gg Tl Mg
S nages 40 (PP UM BanE ProSull,

i - by LR T K )
|sazzm W S e M HAE ey b
. an
JUSE

QuiTd LN —

S el 1y gt 2t sgpimggey

Ve Dottt Myt rmponts LA G Nt AT ol By, bt A
o gl s st S e,

VutaloAl anl LT LGP JISTAIGfoR ¥y

G:.?ﬂ:’_,‘_“_ =~  Hgz/Diz 1-12-21.
e

A4CATRaAnT

BB et () VAP GRS W R 1y L

LY gy 1ie &

i i e LT N S

el oAl an3 1P oF MGk TaART Salt

: ©9-39
- MJ\-'-LI-J‘A H. Slen Headv, ™™ "ve-copl Pdaduces

~dd

BECLvES §™ (%4 S92 470a" I
SIveEiQn G Fud Ja] 170wt
thow

35



Appendix H

Sample Application for Registration of Pesticide-Producing Establishment

~ This form must be filed with the EPA by the potential manufacturer or

business engaged in chlorine gas use.
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Appendix I
Sample Pesticides Report for Pesticide-Producing Establishments

This form must be filed with the EPA by the potential manufacturer or

business engaged in chlorine gas use.
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Appendix J
Sample Registration Kit

The following was assembled by the EPA to serve as a guide for any potential
investors or businesses, as well as to help inform the reader of the necessity to strictly
follow the procedures for filing.

Pt
T ¢ I UNITED STATES ENVIRONMENTAL PRQTECTICN AGENCY
(\sm‘}’ WASHINGTCN, 0.C. 20480

—

December 18, 1992
Dear Prospective Registant:

For your coavenicace, we have 2csembled 2 registration kit which cootaing the (ollowing
pertizeat forms asd information ceedad to register & pesticide product with the U.S.
Eavwoomental Prowction Ageucy’s. Offica of Pesticide Programs

I. The Fedaral lnsecticide, fmﬁdd&mdkodmdddamm.\)
2. PR Notice

132, Farm Worker Safety Labed Improvement Prognam

. 333, LIP - Storage wad Disposal Stavements

841, Qlarification of $3-2 and §3-3

14-5, Stacdard Fromat for Data Submitted under FIFRA

17-1, Labd [mprovement Progam lor Penicides Appliod through Uripadea
Systema (Cheomigation) .

176 loert [ogredients in Pesticids Products Policy Statement

90-{ [2ext [ngredienty in Pesticide Producte Revisod Policy Staternent

). Pesticide Prduct Regisration Applicados Farma

EPA Form Na, 15701, Application for Pewicida Regiseration/Amendment
EPA Form No. 15704, Confidential Statament of Formula

EPA Form No. 3570-20, Data Referencn Shect

EPA Form Mo, 1570-27, Formulazor's Exempdoa Statement

EPA Form No. $570-29, Certificarion with Respect to Citatioas of Data

4, Pesticide Data Submiteery List Microfiche sad General Informutan

Pesticide Duta Submitters List Microfiche

Fuct Sheet - [nstractions for Use of the MicroGcha
Regintration Divisiog Orgasintion Chart & Persoune] Coatact List

$1 FR 1951 - Pesticidy Reginmtion Procxdures; Pesticide Data Requirements

40 CFR Part 158 » Data Requiremenus (or Reginration
50 FR. 42133 « Disclosure of Reviews of Pexticide Data (November 27, 1985}

A very good source of Informaton about regintering pesticides is found i3 the bookla
entitled, Genere! faformation oa Applying for Regixtrution of Perticides in the Uit States,
PB92-22181], which is aow available {com National Techaica! Information Service (INTIS) at
the following sddrese

L

PR

mppPErP

3233 Port Royal Road
Springhield, VA 22161
(703) 4372450
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Appendix K
Index to the Federal Insecticide, F ungicide, and Rodenticide Act

FEDERAL INSECTICIDE, FUNGICIDE, AND
RODENTICIDE ACT

(THROUGH P.L. 10060, L0064 to 100528, & [00-53%)
(References [ ] in Weczecs are w ttle 7, United Stasss Cagel

138wt 28 State primary enforcement remponability .
136w-2 27, Failure by the State 9 assure enforcement

TAALL OF CONTENTS

uUsc Act Sec. Page
TUSC '
prec. 121 1. Short title and table of conwatsee .. 3
128 2 Dwfinitions 7
136a 3. Reyistration of pasticid 13
1360 4. Rarequtration of pasticides oo e =
136 . Experimental use permits E+]
1364 §. Administrative review: suspeasion ... u
136a 1. Regiscration of satablish )
1361 B. Books and rwcords »
136g %. Inapection of ertablishmants, etz «w
138k 10. Pnucdon of trade secrets and other infor 4

mation.
136 11, Use of remricted use paricides; sppplicss &4

torn
L36j IZ Unlawful scta LX)
136k L3, Swop sale. use, remaval, and eeiture. . L}
138 14 Panaltion 49
[J8m 13, Ind 50
136n & Administrative procedure; judicial review . 2
b ™ {1, Lnports and expor 3
L38p L8. Exemption of Federal and Stats sqencies....., L
136q 18. Disposal and trasupartation: 54
[16r 2. Ramaarch end itoring L
134 2. Solicitation of com aotice of public -]

haanngs )

N 138 22 Delegution and coopereci [
1386u 2. State cooperation, aid, and training .. i
136¢ - 2L Authority of Statm [
1w I3, Authorty of Administretor ..., — .. _ [

(71
[ 4]
of State pesticide use regulati
136w-] 2. ldenuflcation of pats; cosperation with De 111
parument of Agniculture’s program,
1w-4 2. A ! report [
1lée 30. Severabilicy [ L]
136y Il Authorzaton for approprist [ 1)

Brackewd matarial and foocnowm did asc appear in Acta,
Prepared by 1he Senate Leguiative Counael's Office,
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Appendix L

Excerpt from the Occupational Safety and Health’s Standards and

Interpretations, sections 1910.101, 103, 105, and 1910.166

JRIENL]]

QCCITATIONAL SAFITY AND HEALTH

STANDAFTS AND INTERPRETATIONS

SUBPART H—HAZARDOUS MATERIALS

1910.101—COMPRESSED GASES (GENERAL REQUIREMENTS)

(9) Inspection of compressed gos cylinden.

Each employer shall determine that com-
pressed gas cylinders under his control are
in a 3af¢ condition to the extent that this can
be determined by visualinspection. Visual and
other inspections shail be conducted as pre
seribed in the Hazardous Materials Regula-
tionyof the Department of Transpartation (49
CFR Parta 171-179 and 14 CFR Par: 1032).
Where those regulations are not applicable,
visual and other inspections shall be con.
ducted in accordance with Compressed Gas
Association Pamphlets C-8-1968 and
C-5-1962.

(b) Compressed gates.

Thae in-plant handling, storage. and utiliza-
tion of all compressed gases in ¢ylindars, port-
able tanks, rail tankears. or motor vehic'e
eargo tanks shall be in accordance with Corm.
pressed Gas Association Pamphlet P-1-1965.

(c} Sofety relief devices for compressed gaos
containers.

Compressed gas cylindars, portable tanks,
and cargo tanks shall have pressure relie!
devices {nstalled and maintained in
sccardance with Compressed Gas Association
Pamphlats S5=1.1=1963 and 1963 sddenda and
S=1.2-1961.

1910.102—ACETYLENE

{a) Cylinders,

The in-piant transfer, handling, storage,
and utilitatian of acetylens in cylindary shalt
be in accordance with Comprassed Gas
Associstion Pamphiet G-1-1964,

(b) Pipad tystems,
The piped systems for the inplane tranafer

and distribution of scetylene thall be
designed, installed, maintained, and operated

In sccordance with Compressed Gas Associa-
tion Pamphiet G=1.3-1949.

{¢) Generators and filling cylinder.

Plants (or the generation of acetylene and
the charging (ftiling) of acetylena cylindera
shail be designed, constructad, and tested in
accordance with the 1tandards prescribed in
Compretsed Gas Association Pamphlet
G=1.4=1966.

1910.103—HYDROGEN

{e) General,

(¥) Dafinitians. As used In this section,

(D Caseous hydrogen systam is one in
which the hydrogen is delivared. stored
snd discharged in the gaseous farm to
consumar's piping. The system includes
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Excerpt from the Occupational Safety and Health’s Standards and

Interpretations, sections 1910.101, 103, 105, and 1910.166

1310.168

OCCUPATIONAL SAFETY AND MNEALTLH

STANDARDS AND [NTEAPRETATIONS

SUBPART M—COMPRESSED GAS AND COMPRESSED AIR EQUIPMENT

1910.166—INSPECTION OF COMPRESSED GAS CYLINDERS

(o) Definitians,

As used in this section:

(1) High- and low-pressure cylinders: High-
pressure cylinders means those cylinders
with a marked service pressure of 300 p.a.i.
or greater; low-pressure cylinders are those
with 2 marked service pressure lass than
900 p.1.i. .

(2} Minimum allowable wall thickness: The
minimum allowable wall thickness means
the minimum wall thickness required by the
specification under which the cylinder was
manufactured.

(33 Dents: Dents (in cylinders) means defor-
mations caused by the cylinder coming in
contact with a blunt cbject in such & way
that the thickness of metal is not materiaily
impaired.

(4) Cuts, gouges, or digs: Cuts, gouges. ar
digs tin cylinders) means deformations
caused by contaet with a sharp object in
such a way as to cut into or upsat the metal
of the cylinder, decreasing the wall thick-
ness ak that point.

{3) Corrosion or pitting: Means corresion or
pittingincylindersinvolving the lose of wall
thickness by corrosive medis. Thare are
several kinds of pitting or corrosion to ba
censidered. .

(&) l1olated pitting: Mesns (solated pits of
small cross-section which do not effectiveiy
weaken the eylinder wall but are indicacive
of possible ecomplete penatration and
leakage. Since the pitting Is isolated the
original wall iy essentially intact.

(7} Line carrosion: Means pita which are not
1solated but are connectad or nearly con-
nected to athers in & narrow band or line.
This condition 13 mare seriaus than isolsted

pitting. Line corrosion frequently oceurs in
the area of intersection of the foctring and
bottam of a cylinder. This is sometimes
referred to as “cravice corrosion.”

(8) General corrasion: Means corresion
which covers considerable surface areas of
the c¢ylinder. It reduces the structural
strength. [t is often difficult to measure or
estimate the depth of general corrosion
because direct comparison with the oritinai
wail cannot always be made. Genersi corro-
sion is often sccompanisd by pitting,

{") “DOT" means the U.S. Department of
Transportation.

(b} General requirements.

{1] Appliestion.

{i} Each employer shall determine that
cormprassed gas cylinders under his con-
trol are in a 1afe condition to the extent
that this can be determined by vizual and
other inspection required by this sub-
paragraph.

{F) The requirements contained in this
saction are not intendad to apply to eylin.
ders manufactured under speciflcation
DOT(ICOIHT (€9 CFR Ch. ). Separate
requiremants covering service life and
standards for vizual inspection of thess
cylinders are contained in Compressed
Gas Association Pamphlet C-8,“Standard
for Requalification of ICC-IHT Cyl-
inders.”

(1) Queliry of inspecrion. Experience in the
inspection of cylinders is an important fae-
tor in determining the acceptabiity of a
givan cylinder for continued service, Users
lacking this experiance and having doubtfud
¢ylinders shouid resurn them to a manulac.
turer of the samae type of ¢ylinders for rein-
pection.




Appendix M
General Guidelines on Use of Labels

DOMESTIC PLACARDING
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General Guidelines on Use of Labels

e,

DOMESTIC LABELING

,..'
N

General Guidelines on Use of Labels
{CFR, Titta 49, Tranaportation, Parts 100-177)
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Appendix N
Sample Chlorine Label

Every chlorine container should have an informative label, in addition to any

CHLORINE GAS
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other identification required by law. The following EPA approved label was
provided by Bay Area Pool Service.
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Appendix O

Example of an Annual Registration Form for the State of Florida Emergency

Response Commission for Hazardous Materials

FLORIDA
STATE IMIRCENCY RESPONSE COMMISSION
FOR:
HAZARDQUS MATERIALS
ANNUAL RECISTRATION

COMPANY NANME:

BUSINESS
ADDRESS:

CONTACT PETSON:
TELEPHONE:

PLEXAE LIST ALL PAGILITIZS SO0BJECT TO SARA, TITLE 111,
SICTION 302 AND/OR SECTION 312 ON TKE REVZRSZ SIDE.

A. NUMBER OF EMPLOYEES (STATEWIDE) X 310 = §
{MINIMUM FIE $25, MAXINUM FEE $2,000)
oK
B. INOUSTRIES REGULATED UNDER CHAPTERS €8, 327, AND
SECTION 376.30), FLORIDA STATUTES:

WFUMBER OF EMPLOYEZS (STATEWIDE) X §2.50 = §

(MINIMUM FEE $23, MAXIMUK FEE $3500)
TOTAL SUBMITTED = §

CHECX NUMBEIR -
TIER TWO FORM ATTACHED Yzs NO

e, SENT UNDER SEPARATEZ COVER

AENINOZR: SOBMIT A COPY OF THZ TIER TWO TO (1) YOUR LOCAL
EMERCENCY PLANNING CONMITTEZ, AND {2) YOOR LOCAL PIRE BEZPARTHENT.

MAKE CHECKS OR MONEY ORDERS PAYABLE TO: CASHIER, DEPARTMENT OF
COMMUNLITY APPAIRS (SEND NO CASH).

MAIL TO: STATE EMERCENCY RESPONSE COMMISSION

2740 CEINTERVIIW QRIVE
TALLAMASSEE, FLORIDA 323%9-2149

DUE DATE; JMARCHN 1, 1993
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‘ Appendix P
Example of an Emergency Planning and Facility Representative Notification
Form from the State of Florida Emergency Response Commission for
Hazardous Materials

SARA-Title III
fsgtion 3102 = Imerqgency Planning Notification
Baccion 103) = Facllity Representativae Notificatien

This s a notification that the facllity has above the Threshold
Planning Quantity of an Ixtresaly Hazardous Substanca.

Name of Business:

Date of Notificacion:

Business Address:

Physical Addrass:
(if differanc from
business address)

{use saparate pages for additional
tacilicies) .

Teotal numbar of facillties: Anount Subaitted:$
($30 per facility)

Facility Representativae:

. Phone Number:

Has your Local Energency Planning Committas alsc been notifled:
yas no

Signaturse:

There 1ia & one=time $35Q per facllity fee for evary facility
subject to Saction 1IUI. Checks aust ba made payabls to "Cashiaer,
Dapartment af Community Affairs® and includaed vith this
nociflcation. This should be mallad to the folloving address:

Stats Cuergancy Response GComaisaion
1740 Cantarviaw Oriva
Tallahasses, florida 32399-1149

(904) 408-1472
{(800) £35-7179

Would you like to reacsive notices of the Local Emargancy Planning
Commitzes meatings la your arsa?
yas no
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Address List

Canadian Centre for Occupational Health and Safety

250 Main Street East
Hamilton, Ontario
Canada L8N 1Hé6
Phone: (416) 572-2981
FAX: (416) 572-2206

The Chlorine Institute
2001 L. Street, NW
Washington DC 20036
Phone: (202) 775-2790
FAX: (202)223-7225

Church and Dwight Co., Inc.
(The Biocarbonate Experts)
Chemicals Division

PO Box CN5297

Princeton, NJ 08543-5297
Phone: (800) 221-0453

Compressed Gas Association

c/o Mr. Chet Roberts

1725 Jefferson Davis Highway, Suite 1004
Arlington, VA 22202-4102

Phone: (703) 412-0900 ext. 711

FAX: (703) 412-0128
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EPA

Regional Office

345 Cortland Street, NE
Atlanta, GA 30365
Phone: (404) 881-4727

Florida Dept. of Agriculture and Consumer Services
Pesticide Registration Section

Room 213, Mayo Building

Tallahassee, FL. 32301

Florida Emergency Response Commission
2740 Centerview Drive
Tallahassee, FL 32399-2149
Phone: (904) 488-1472
(800) 635-7179

Genium Publishing Corporation
One Genium Plaza
Schenectady, NY 12304-4690
Phone: (518) 377-8854

HHS Region IV

101 Marietta Tower, Suite 1007
Atlanta, GA 30323

Phone: (404) 221-2396

National Association of Gas Chlorinators
Association Offices

30555 Trabuco Canyon Road, Suite 100
Trabuco Canyon, CA 92679-3002
Phone: (714) 459-8735

National Institute of Environmental Health Services
PO Box 12233

Research Triangle Park, NC 27709

Phone: (919) 541-3345
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National Safety Council

Chemical Section, Industrial Division
444 North Michigan Avenue
Chicago, IL 60611

Phone: (312) 527-4800

National Spa and Pool Institute
2111 Eisenhower Avenue
Alexandria, VA 22314

Pool Chlor
3114 E. Pennsylvania St.
Tucson, AZ 85714

U.S. Department of Labor

OSHA

Regional Office #IV

1375 Peachtree Street, NE, Suite 587
Atlanta, GA 30367

Phone: (404) 347-3573

U.S. Department of Labor
OSHA

OSHA Publications Office
200 Constitution Avenue, NW
Room N3101

Washington DC 20210
Phone: (202) 523-9667

Also, copies of the Code of Federal Regulations, Title 49, may be purchased from:

Superintendent of Documents
US Government Printing Office
Washington DC 20402

Phone: (202) 783-3238
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Phone List -

Florida

Department of Agriculture, Tallahassee

Department of Environmental Protection, Tallahassee

Division of Air Resources

Department of Transportation, Tallahassee

Hazardous Materials Division

Emergency Response Commission, Tallahassee
Toll-Free

EPA, Regional Office, Tallahassee

EPA, NE District Office, Alachua County

Washington DC
The Chlorine Institute
Chlorine Manufacturers of America
EPA

Miscellaneous

Chlorinators Inc.

The Compressed Gas Association, Arlington, VA

The National Institute of Environmental Health Sciences
The National Toxicology Program

JJ Keller Publishers

American Trucking Association

University of Florida

Department of Agriculture

Department of Agricultural Engineering
Department of Environmental Engineering
Department of Environmental Horticulture

(904) 488-3022
(904) 488-4805
(904) 488-1344
(904) 488-6816
(904) 488-7920
(904) 488-1472
(800) 625-7170
(904) 488-1554
(904) 488-4300

(202) 775-2790
(202) 887-1100
(202) 260-2090

(800) 327-9761
(703) 412-0900
(919) 541-3345
(919) 541-1167
(800) 558-5011
(800) ATA-LINE

(904) 392-8074
(904) 392-1864
(904) 392-0841
(904) 392-1831
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