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Preface

As part of the U.S. Army's ongoing program related to the research and development of red water
treatment technologies, the U.S. Army Environmental Center (USAEC) contracted IT Corporation
to prepare conceptual designs and plans for pilot-scale demonstrations of two treatment
technologies: wet air oxidation (WAO) and circulating bed combustion (CBC). The project
objectives included initial development of a Test Plan and Health and Safety Plan for these
demonstrations. The Health and Safety Plan presented in this document is intended to serve as
a guide for the development of a complete Health and Safety Plan when the next phase of this
program is implemented.

Red water is not currently generated by the U.S. Army or any other part of the U.S. Department
of Defense nor has it been generated in the recent past. An accurate and complete database does
not exist in regard to the chemical and physical nature of red water. Therefore, it was not
possible to complete an accurate analysis of the associated chemical and physical hazards.
Additionally, the source of red water for testing and the location where the tests will be conducted
(i.e., the host facility) have not been identified. Therefore, waste and site-specific concerns and
requirements can not be accurately or completely addressed at this time. Similarly, because this
phase of the investigation included completion of conceptual designs only, the assessment of
equipment-specific hazards is preliminary in nature.

For the reasons presented above, this Health and Safety Plan does not, and is not intended to,
represent a completed document that is ready for implementation. Out of necessity, this plan is
often generic in nature or based on stated assumptions. In the future, when the host facility has
been selected and when red water is available for pilot-scale testing, this plan will be available for
review, revision, and expansion to reflect specific conditions and requirements associated with the
host site, the actual equipment, and the specific waste. Because of the unique and largely
undocumented nature of red water, once a source has been identified a critical initial objective will
be characterization of its physical and chemical nature and the associated hazards.
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Site Health and Safety Plan Acknowledgment

I'have read, understand and agree to abide by the provisions as detailed in this Site-Specific Health
and Safety Plan. Failure to comply with these provisions may lead to disciplinary action and/or
my dismissal from the work site.

Employee
Printed Name Signature Number Date
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1.0 Introduction

The production of trinitrotoluene (TNT), the major component of most of the Department of
Defense's explosives, generates a wastewater stream called red water. Because of its reactivity,
red water has been listed as a hazardous waste (K047) by the U.S. Environmental Protection
Agency (U.S. EPA) under Subtitle C, Part 265 of the Resource Conservation and Recovery Act
(RCRA). Four Army Ammunition Plants (AAPs) -- Radford, Joliet, Newport and Volunteer --
are equipped with production facilities necessary for the manufacture of TNT. However, the
TNT production facilities at these AAPs are currently idle and in mothballed status. None of
these facilities has produced TNT during recent years because the military's peace-time
requirement is too small to justify the high cost of operation. Additionally, none of the AAPs
currently has the capability to treat or dispose of red water.

Demonstration of an acceptable waste treatment technology is an important aspect in increasing
the readiness of these facilities to mobilize TNT production capability. It is anticipated that at a
future time, the U.S. Army Environmental Center (USAEC) will conduct a demonstration to
evaluate potential methods for treating red water. Previously, a comparative evaluation of 30
potential technologies for the treatment of red water was completed by the USAEC. Two
technologies - circulating bed combustion (CBC) and wet air oxidation (WAO) -- were concluded
to have the potential for successfully treating red water and were sufficiently advanced to warrant
pilot-scale testing. These technologies are the subject of this Health and Safety (H&S) Plan.

Because red water is not currently available for testing and because a host facility has not been
selected, the first phase of the demonstration is the preparation of conceptual designs and plans.
This Health and Safety Plan is intended to serve as a starting point for the next phase of activities.
For the purposes of this document, it is assumed that the USAEC will contract a Task Order
Contractor (TOC) to conduct the demonstrations. Further, it is assumed that the TOC will issue
two subcontracts for the preparation of final designs and fabrication of pilot-scale WAO and CBC
units. The assumed general roles and responsibilities of the TOC, its two subcontractors, and the
host facility are indicated below:

Task Order Contractor

° Review technologies and recommend selection
° Oversee Final Design preparation

322243/Draft-Final Red Water H&SP/10-95/1n 1-1




Define installation support requirements

Conduct regulatory review

Assist host facility in revising/obtaining permits

Prepare Final Design Report

Procure pilot-scale WAO and CBC units

Complete and finalize Test Plans and Safety Plans

Prepare a Site Safety Submission

Provide on-site coordination and oversight during installation and testing
Perform industrial hygiene sampling and analysis for chemical and physical hazards
Perform sampling and analysis to document performance

Provide photographic documentation

Prepare a technical project report.

Subcontractor for WAO

Prepare final design of pilot-scale WAO equipment

Provide input on Test Plan, Safety Plan, and Site Safety Submission
Fabricate, ship, install, and operate test equipment for WAO treatment
Provide input on technical reports.

Subcontractor for CBC

Prepare final design of pilot-scale CBC equipment

Provide input on Test Plan, Safety Plan, and Site Safety Submission
Fabricate, ship, install, and operate test equipment for CBC treatment
Provide input on technical reports.

Host Facility

Review and comment on Test Plan and Safety Plan
Review equipment selection and design
Conduct hazards review

- Prepare, with TOC input, standard operating procedures

Provide photographic documentation

Provide facilities support including utilities and operators
Provide on-site analytical support

Review and comment on the technical reports.

These roles have been assumed and defined to ensure that the Health and Safety Plan sufficiently
addresses the anticipated complexity of the project organization. Specific health and safety roles of
the USAEC, the TOC, subcontractors, and host facility.are discussed in Section 2 of this document.
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1.1 Objective

The objective of this Health and Safety (H&S) Plan is to address general health and safety issues
related to the red water treatment demonstrations and to address health and safety issues specific
to each of the two treatment technologies. Because the pilot test location (i.e., host facility) has
not been determined, this H&S Plan is not site-specific. During the next phase of activities, the
H&S Plan must be revised based on waste and site-specific information and changes in field
conditions. The Safety Plan must be prepared in accordance with the requirements of DD Form
1423, Sequence A003.

Additionally, a Site Plan Safety Submission will likely be required as a separate document if the
demonstration(s) are conducted at an AAP. The Site Plan Safety Submission will emphasize the
safety aspects of the specific site requirements and process equipment.

1.2 Facility and Location Description
This section should include a concise description of the specific location(s) where the pilot-scale
demonstrations will be conducted. As a minimum, the following information should be included:

L Facility name and location
® Specific location at the facility (e.g., building number)

® Map of the general facility showing the specific test site

° Current use and operational status of the building/site; in particular, any operations
other than the red water demonstration that will occur in the building should be
identified

- e Schematic diagram of the specific test location.

1.3 Policy Statement
The USAEC and/or the TOC should provide a written policy statement regarding safety. An
example of that statement is presented below.

A safe and healthful work environment will be provided for all employees and contractors. No
phase of operations or administration is considered to be of greater importance than injury and
illness prevention. Safety takes precedence over exi;ediency or shortcuts. Every accident and
every injury is believed to be avoidable, and every reasonable step will be taken to reduce the
possibility of injury, illness, or accident.
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This H&S Plan describes the procedures that must be followed by all project personnel while
working on the site. Operational changes which could affect the health or safety of personnel, the
community, or the environment will not be made without prior approval of the host facility's

safety department, the USAEC's Safety Branch, the TOC, the TOC's H&S Department, and the
subcontractor engineers.

The provisions of this H&S Plan are mandatory to all on personnel assigned to the project. All
visitors to any of the work sites are required to read and sign this H&S Plan and to abide by these
procedures. Work conditions can change as operations progress. The host facility's safety
department and the TOC's H&S Manager will provide written addenda to this H&S Plan when
changes warrant. No changes to the H&S Plan will be implemented without prior approval of the

host facility's safety department, the TOC's H&S Manager, the USAEC's Safety Branch, and the
subcontractors' authorized representatives.

1.4 References

The final H&S Plan must comply with, applicable Occupational Safety and Health Administration
(OSHA), U.S. EPA, and appropriate state/local regulations. This H&S Plan was prepared in
consideration of the guidelines established in the following documents:

o Standard Operating Safety Guides (U.S. EPA November 1984)

° 29 Code of Federal Regulations (CFR) 1926, Construction Industry, Occupational
Safety and Health Administration (OSHA) Safety and Health Standards

[ 29 CFR 1910, General Industry OSHA Safety and Health Standards

- e 29 CFR 1910.120, OSHA Final Rule dated March 6, 1989, "Hazardous Waste
Operations and Emergency Response”

° National Institute of Occupational Safety and Health (NIOSH)/OSHA/USCG/U.S
Environmental Protection Agency (EPA), "Occupational Safety and Health
Guidance Manual for Hazardous Waste Site Activities," October 1985

° American Conference of Governmental Industrial Hygienists (ACGIH), "Threshold

Limit Values and Biological Exposure Indices," 1989-1990, or most current
version

° U.S. Army Corps of Engineers, Safety and Health Requirements Manual, EM
385-1-1, October, 1992
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® U.S. Department of Health and Human Services (DHHS), "NIOSH Sampling and
Analytical Methods," DHHS (NIOSH) Publication 84-100

L American National Standards Institute (ANSI), Practice for Respiratory Protection,
Z288.2, 1980

L ANSI, Emergency Eyewash and Shower Equipment, Z41.1, 1983
L ANSI, Protective Footwear, Z358.1, 1981
L ANSI Physical Qualifications for Respirator Use, Z88.6, 1984

o ANSI, Practice for Occupational and Educational Eye and Face Protection, Z87. 1,
1968.

The contents of the final H&S Plan must be consistent with H&S policies and procedures of the
USAEC, the TOC, and the host facility. In addition, the subcontractors' safety departments

should review this H&S Plan to ensure that it is consistent with their recommended safety rules
and regulations.
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2.0 Responsibilities

An example organization of responsibility for implementation of a H&S Plan is illustrated in
Figure 2-1. The USAEC, TOC, and host facility are responsible for the safe performance of their
personnel and are accountable for adherence to all applicable H&S procedures and requirements
specified herein. It is anticipated that the planned demonstrations will involve at least one host
facility, a USAEC TOC, and two major equipment subcontractors. Further, it is anticipated that
the pilot-scale tests will require at least two host facility operator's, the TOC's Project Engineer,
and the Project Engineer from the WAO or CBC subcontractor (depending on the specific
technology being tested). Because of the multiple parties involved and the fact that the
demonstrations will involve testing a reactive waste under conditions of high temperature and/or
pressure, careful coordination of all activities and responsibilities will be essential. If, as
assumed, the demonstration is conducted at an Army facility (e.g., AAP), numerous health,
safety, and hazards prerequisites will be in place. The demonstration will have to be conducted
in compliance with all host facility requirements.

A potential complicating factor is the contractual relationships of the parties involved. If direct
contractual control does not exist, for example if the USAEC contracts separately with the TOC
and the host facility, it will be imperative that each of these parties clearly understand the roles
and responsibilities of the other(s). To facilitate this understanding, meetings/discussions related
to health and safety must be initiated early in the project and conducted frequently during the
duration of the project.

2.1 All Personnel

Eac.l.x person, once properly trained and authorized, is responsible for his/her own health and
safety, for completing tasks in a safe manner, and for reporting any unsafe acts or conditions to
his/her Supervisor and/or the Site Supervisor. All personnel are responsible for continuous
adherence to these health and safety procedures during the performance of their work. No person
may work in a manner that conflicts with the intent of, or the inherent safety and environmental
precautions expressed in these procedures. After due warnings, any person who violates safety
procedures will be dismissed from the site. All on-site personnel must be trained in accordance
with 29 CFR 1910.120 and this document.
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The TOC Project Manager shall maintain on-site documentation of all training and medical
surveillance outlined in 29 CFR 1910.120 and 29 CFR 1910.134. The USAEC and host facility
will maintain the same documentation for their employees.

2.2 Host Facility

For the purpose of this H&S Plan, it is assumed that the facilities support at the host facility (e. g.,
an AAP) will be contracted directly by the USAEC. For example, during the ongoing
demonstration of DNT wastewater treatment at the Radford AAP, the USAEC contracted with
Hercules, Inc., the facility GO-CO operator, for facilities support including equipment operators.
An alternate arrangement would involve subcontracting the host facility by the USAEC TOC. In
this case, the TOC subcontractor requirements outlined below would apply and the TOC would
have responsibility for the facility.

2.2.1 Director of Safety

Because the physical work will be conducted by staff from the host facility, the facility's Director
of Safety is ultimately responsible for ensuring that all project activities are completed in
accordance with requirements set forth in this H&S Plan and applicable site-specific safety
protocols. The host facility's Director of Safety will review the technology and equipment
selection with respect to consistency with site safety requirements. A hazards analysis will be
conducted for each test unit based on a review of equipment drawings and specifications. To
facilitate acceptance of the equipment, the safety and hazards staff at the host facility should be
involved in all phases of equipment selection, design, and fabrication. The hazards analysis will
result in a written docufnent that indicates whether the equipment is acceptable as designed and,
if not, what modifications are required. Successful completion of the safety and hazards review
will likely be required before the host facility will accept shipment of the equipment.

2.3 The USAEC Task Order Contractor (TOC)

2.3.1 Health and Safety Manager

The TOC's H&S Manager is responsible for developing and coordinating the site-specific H&S
Plan and addenda as required and as applicable for TOC employees. This H&S Plan includes
medical surveillance and training requirements, hazard assessment, personal protective equipment
(PPE) specifications, field implementation procedures, and audits. The H&S Manager will, in
consultation with the Director of Safety from the host facility and from TOC equipment
subcontractors, issue written addenda to the H&S Plan if warranted by changed conditions. The
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H&S Manager and his staff report to the TOC's Project Manager for operational matters. The
H&S Manager is the TOC's contact for regulatory agencies on matters of safety and health. Other
H&S Manager responsibilities include:

L General H&S program administration

L Developing, with the host facility's Director of Safety, site-specific
employee/community emergency response plans, as required, based on expected

hazards
L Determining the level of personnel protection required
L Updati.ng equipment or procedures based on information obtained during site
operations
° Establishing air monitoring parameters based on expected contaminants
° Establishing employee exposure monitoring notification programs
B Ensuring that all TOC site personnel have been given the proper medical clearance,

ensuring that all site personnel have met appropriate training requirements and
have the appropriate training documentation on site, and monitoring all team
members to ensure compliance with the H&S Plan.

2.3.2 On-Site Health and Safety Representative

The TOC's On-site H&S Representative will report to the TOC's H&S Manager and will conduct
the routine duties for H&S coordination with the assistance of the TOC's Project Engineer.
Specifically, the On-site H&S Representative will administer the site-specific H&S Plan and
addenda; this will include communicating site requirements to all on-site project personnel
(inchuding any subcontractor personnel) and consultation with the TOC's H&S Manager. The On-
Site H&S Representative will be responsible for informing the Health and Safety Manager and the
Project Manager of any changes in the Work Plan so that those changes may be properly
addressed. Other responsibilities include:

° Enforcing the requirements of the H&S Plan. This includes performing daily
safety inspections of the work site

® Stopping work, as required, to ensure personal safety and protection of property,
or where life or property-threatening honcompliance with safety requirements is
found
° Observing on-site project personnel for signs of chemical or physical trauma
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L Investigating significant accidents and illnesses and implementing corrective action
plans
° Determining and posting routes to capable medical facilities and emergency

telephone numbers (including poison control facilities) and arranging emergency
transportation to medical facilities

L Notifying local emergency officers of the nature of the site operations, and posting
of their telephone numbers in an appropriate location

L Implementing air monitoring parameters based on expected contaminants
L Implementing employee exposure monitoring notification programs.

The On-site H&S Representative will be responsible for ensuring that any accident or incident on
the project is reported and thoroughly investigated according to site-specific safety protocols. He
is also responsible for reporting all accidents and incidents to USAEC according to the criteria

in Section 11.5.3 of this H&S Plan. Lastly, he must approve any addenda or modifications of the
H&S Plan in writing.

2.3.3 Project Engineer
The TOC's Project Engineer will support the on-site H&S Representative and will be assist with
the field implementation of the H&S Plan by TOC employees.

2.4 Subcontractors

2.4.1 Director of Safety

The Directors of Safety from the TOC's equipment subcontractors are responsible for supplying
mcéssary information to the host facility's Director of Safety and the TOC's H&S Manager for
the Hazards Analysis and development of the Final H&S Plan. In addition, the Directors of
Safety from the TOC's equipment subcontractors will perform at least one on-site safety review
during the project. Lastly, they must approve any addenda or modifications of the H&S Plan that
pertain to their equipment in writing.

2.4.2 Project Engineer

The Project Engineers will assume the routine duties for H&S coordination of their personnel with
the assistance of the Director of Safety of the two subcontractors. The Project Engineers will
administer the site-specific H&S Plan and addenda. Other responsibilities include:
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Investigating significant accidents and illnesses and implementing corrective action
plans

Determining and posting routes to capable medical facilities and emergency
telephone numbers (including poison control facilities) and arranging emergency
transportation to medical facilities

Notifying local emergency officers of the nature of the site operations, and posting
of their telephone numbers in an appropriate location

Performing regular site inspections
Implementing air monitoring parameters based on expected contaminants

Implementing employee exposure monitoring notification programs.

2.5 On-Site Personnel and Visitors

All on-site personnel (contractor and subcontractor), including visitors, are required to read and
acknowledge their understanding of this H&S Plan and other applicable host facility specific
protocols. All site project personnel are expected to abide by the requirements of the H&S Plan
and cooperate with site supervision in ensuring a safe and healthful work site. Site personnel --
including contractors and subcontractors -- are required to immediately report any of the following
to the Safety Director of the host facility and the TOC's Health and Safety Manager:

L Accidents and injuries, no matter how minor
o Unexpected or uncontrolled release of chemical substances
o Any symptoms of chemical exposure
i L Any unsafe or malfunctioning equipment
L Any changes in site conditions which may affect the H&S of project personnel.
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3.0 Job Hazard Analysis

The job hazard analysis in this section was developed with the information available at the time
this H&S Plan was written. As specific hazards become known after a source of red water is
identified, a host facility is selected, and specific equipment is designed, a revised and complete
H&S Plan must be developed.

3.1 Scope of Work

This H&S Plan includes activities related to the installation and operation of WAO and CBC
pilot-scale treatment plants. Project activities addressed include those involved with equipment
installation, material handling, sample collection and physical/chemical hazards involved with
pilot-plant operation. It is assumed that the pilot-scale equipment will be installed and operated
at a host facility over a period of a few weeks or months. After testing, the equipment will be
decontaminated and returned to the vendor (if rented or leased) or shipped to another Army
facility for other use or storage.

3.2 Waste Stream Characteristics

3.2.1 Red Water

Red water is the aqueous effluent generated during sellite purification of crude TNT. Red water
has a deep red, or sometimes black color, and is a complex mixture. It is anticipated that the
characteristics and composition of red water will vary with changes in feed stocks, operating
conditions, and handling/storage; however, the degree of variability is as yet unknown.
Depending on the TNT production process and the degree of water recycle used, red water
generally contains from 15 to over 30 percent solids, has a pH in the range of 7.0 to 9.7, and
specific gravity of approximately 1.1. Roughly half of the solids are inorganic salts; the
remainder are nitrobodies including mainly sodium sulfonates of trinitrotoluene and an alpha-
TNT-sellite complex. TNT is present in only trace amounts. Other organic constituents include
complex, unidentified dye bodies formed from the photolysis of alpha-TNT by sunlight. The
heavy metals present in the red water are thought to be a result of acid leaching from the stainless
steel reaction vessels and holding tanks (Hercules, 1973).
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Red water is a RCRA listed hazardous waste (K047), and is classified as such due to the reactivity
of the wastewater. If the solids in the red water are allowed to settle and accumulate, an explosive
reaction could occur if initiated by impact, friction, heat or electrostatic discharge (Hercules,
1991). A material safety data sheet (MSDS) does not exist for red water.

The database documenting the chemical, physical, and toxicological characteristics of red water
is extremely limited. This is primarily due to the fact that red water has not been generated at
Army facilities for a number of years. During the time of generation, the need for detailed
characterization did not exist; therefore, an analytical database was not compiled. In addition,
during this time, analytical methodology associated with quantitation of the unique compounds
present was not well advanced. These factors result in the limited database that exists today.
Upon identification and acquisition of a source of red water for testing, a thorough
characterization must be conducted to identify hazards. This may involve development or
modification of analytical techniques for quantitation of unique compounds in a unique matrix.

Tables 3-1 and 3-2 present the available characteristics of red water. Based on discussions held
with representatives of RAAP and ICI Explosives Canada, it is believed that composition of TNT
red water can vary significantly (IT Corporation, 1993a and 1993b). This is apparently due to
the fact that MIL SPEC grade TNT can be produced by a wide range of process and operating
parameters. However, significant data on the variability of red water is not available at this time.
Where available, a range of data is presented.

At this time, it is anticipated that bulk storage, at the test location, of approximately 50,000
gallons of red water will be required. Specific hazards and safety protocols associated with this
bulk storage must be assessed based upon the characteristics of the actual red water. Obvious
concerns involve secondary containment; control of venting and off gases; temperature and
pressure controls; and mixing, control, and handling of solids or precipitates. Specific details and
protocols ctan be defined when the red water has been adequately characterized and when the host
facility is determined.

3.2.2 WAO Byproducts and Residuals

The byproducts from the WAO treatment process are anticipated to be a non-reactive liquid
effluent and gaseous emissions. Because of the largely unknown nature of the influent red water,
lack of existing data on WAO byproducts from treatment of red water, and lack of sufficient
analytical techniques, the exact nature of the WAO byproducts is not known at this time. In
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general, however, the effluent is anticipated to have a low pH due to the oxidation of sulfur
compounds and decomposition of ammonia (Zimpro, 1992). Previous tests have indicated an
increase in total metals concentrations; however, the increase was attributed to leaching from the

reactor vessel. In addition, the following compounds and classes of compounds may be present
in the treated wastewater:

Acetic acid

Dinitrotoluene sulfonates

Nitrates

Sulfates

Phenol

Nitrated phenols

Non-oxidized compounds present in the influent.

Analytical results from bench-scale WAO autoclave tests are provided in Table 3-3 (Phull, 1992).
While these results do not conclusively define WAO effluent from red water treatment, they
provide the available basis for planning future evaluations.

3.2.3 CBC Feed Materials, Byproducts, and Residuals
The expected byproducts from the CBC treatment process are anticipated to be a non-reactive ash
and gaseous emission.

The feed materials during routine operations is red water. Red water is the aqueous effluent
generated during sellite purification of crude TNT. The anticipated characteristics of red water
are presented in Section 3.2.1.

Explosion Potential - Red water is anticipated to have a solids heat content of 3,200 Btu/lb. The
solids are in a solution that is 85 percent water, which makes the red water endothermic.

CBCs were originally designed to manage materials with high heat content for energy production.
The level of energy in the red water should be within acceptable limits for the CBC.
Additionally, the large internal volume of the CBC should dissipate any pressure shocks that could
occur from uneven combustion of the red water.

Contaminated Surfaces - Red water will be pum;;ed directly to the CBC feed port. In the
unlikely event that red water is spilled, it should be cleaned up using wet methods and not allowed

to dry. Dry TNT or related materials can potentially explode due to friction or spark.
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The ash from the CBC will be a fine particulate that may be toxic. It is unlikely that explosive
materials will be found in the ash to present a physical or chemical hazard. The ash may be toxic
due to the presence of metals. The fine particulate will likely be a respiratory hazard.

During testing programs, flammable solvents may be used in the sampling trains and the feed
stream may be spiked with materials that are toxic, reactive, flammable, and/or corrosive.
MSDS's will be provided by the test team for these substances. It will be incumbent upon the test
team to properly store and handle these materials.

3.3 WAO Job Hazard Assessment

This initial job hazard assessment identifies potential safety, health, and environmental hazards
associated with the WAO pilot tests and provides for the protection of personnel, the community,
and the environment. Because of the complexity and constant change of environmental projects,
supervisors must continually inspect the work site to identify hazards which may harm site
personnel, the community, or the environment. The TOC Project Engineer must be aware of
these changing conditions and discuss them with the TOC's Health & Safety Manager, the host
facility's Director of Safety, and the host facility's Project Engineer. The TOC Project Engineer
will keep supervisors for any subcontractors informed of the changing conditions. The Health &

Safety Manager will prepare addenda (see Appendix A), as necessary, to change the job safety
analysis and associated hazard controls.

A hazard analysis of a bench-scale WAO system used for studying red water treatment was
conducted by Hercules Inc. for the U.S. Army Construction Engineering Research Laboratory
(USACERL) in 1991 (Appendix B). Much of the hazard information provided in the following
sections was excerpted from that document. Additional information on hazards associated with
the operation of the WAO is presented in the WAO Conceptual Design Report and excerpted in
Appendix C.

3.3.1 General Hazard Information
The general hazards associated with treating red water in a WAO system include the following:

1) Oxygen incompatibility
2) Hot surfaces

3) Hot spray

4) Thermal explosion

5) Contaminated surfaces.
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Oxygen Incompatibility - Oxygen incompatibility is a hazard issue only if pure oxygen is used
as the oxidizing agent. However, the conceptual design presented in the Project Report includes
a WAO system that uses compressed air as the oxidizing agent. The following hazard analysis
is included as a contingency to a change to pure oxygen in latter stages of design.

Pure oxygen is a potent oxidizing agent, particularly at elevated pressures and/or temperatures.
All elements of the oxygen supply system must be compatible with oxygen use to preclude the
possibility of an incident. Within the reactor, the initial oxygen charge may be on the order of
several hundred psi, based on previous test conditions. If oxygen is used as the oxidizing agent,
the oxygen pressure will about double during reactor heat-up; at the same time the vaporization
of water will reduce the oxygen concentration in the ullage of the reactor. The flash point of

gasket materials at expected oxygen pressures should be compared to test condition temperatures
to determine compatibility.

Hot Surfaces - The reactor will be operated at elevated temperatures (approximately 485°F).
Although all equipment with surface temperatures greater than 100°F will be insulated, contact
with these surfaces should be avoided, or proper protective equipment should be used if it is
necessary to handle components above 100°F. Use of Nomex-type gloves may provide greater
dexterity than standard laboratory heat resistant gloves for handling equipment of moderately
elevated temperatures.

Hot Spray - The reactor will be operated at elevated temperature and pressure. Any leak in the
reactor/piping fittings would result in a spray of hot flashing liquid which could contact and injure
any personnel present. The reactor should be leak checked at operating pressure prior to each use
because there is a tendency for the joints to loosen when temperature and pressure are frequently
increasing and decreasing. Strict adherence to the operating temperature limit shall be followed.
Gaskets may soften or melt if temperature limits are exceeded. Use of a face shield is required
for any personnel present when the system is pressurized.

Thermal Explosion - Potential hazards in this category relate to an explosive/detonation type
reaction of the energetic constituents in the reactor, or thermal runaway oxidation reactions. Raw
red water has a reported solids heating value of 3200 BTU/lb (1780 cal/gm) and a solids content
of 15 percent. Nitrobodies represent about 55 percent of the solids (8.25 percent of the raw red
water).
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It is unlikely that raw red water could transit to or propagate a detonation reaction given these
levels of nitrobodies. However, the assessment of the potential for such a reaction in diluted red
water requires a detailed evaluation of the actual red water.

The heat of combustion of raw red water is anticipated to be on the order of 480 Btu/Ib (3200
Btu/1b-solids x 15 percent solids). Instantaneous oxidation of raw red water, if it occurred, would
be a hazard as the concomitant temperature/pressure excursion (assuming typical operating
conditions of 1000 psia and 484 °F) would lead to exceeding the pressure/temperature limits of
the reactor. This would cause activation of the reactor rupture disc with release of a flashing,
high temperature spray. The likelihood or credibility of a runaway reaction can not be evaluated
at this time because of the absence of chemical reaction pathway and kinetic data. Diluting the
red water — as is the case of the system in the Conceptual Design Report -- will reduce the total
theoretically available energy input to the system for the same total reactor charge. In the system
in the Conceptual Design Report, the initial raw waste stream will be diluted with a high recycle
effluent stream (in excess of 20:1) prior to entering the reactor system; therefore, the effects of
temperature and pressure excursions resulting from a detonation type reaction are negligible. In
addition, the system is designed to include an Emergency Shutdown System to handle temperature
and pressure excursions.

Contaminated Surfaces - If red water is allowed to evaporate (e.g., a spill onto the hot reactor),
the concentrated solids should be considered an explosive hazard and would likely be susceptible
to initiation by impact, friction, heat, or electrostatic discharge. Any such spills should be cleaned
using wet methods and not allowed to dry. The exact nature of the dried solids contained in the
red water tested should be defined by the characterization analyses.

The impact of operating the reactor under conditions that do not achieve destruction of nitrobodies
or treating red water that contains other energetic species not susceptible to oxidation or which
behave differently in the process cannot be defined at this time. Solids that precipitate or
accumulate on reactor surfaces should be considered potentially dangerous pending the outcome
of characterization testing. Therefore, the solids should be kept well diluted until identified. Any
measures taken to clean reactor surfaces should be done under water or other suitable solvent.
Specific procedures must be developed based on actg:lal hazards as they are assessed.
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3.3.2 Sample Collection

Samples of the red water will be collected both before and after it passes through the WAQO

pilot-scale treatment plant. Additional details of sampling and analysis protocols will be defined
in the Test Plan.

During sample collection, there will be an increased chance for leakage to occur due to making
connections to the sample line. (It should be noted that no sample points are located on the
reactor system, thereby minimizing safety concerns related to the collection of high pressure and
high temperature samples.) In addition to the general hazards described previously, additional
hazards include: splash of untreated or treated red water onto eyes, face, skin or clothing. Some
constituents of the red water may be readily absorbed through the skin and the wastewater may

be capable of causing eye irritation and injury. The hazard must be assessed through testing and
evaluation of the actual red water.

Hazard controls: All personnel involved in sample collection shall wear the PPE listed in Section
5. Emergency wash facilities capable of providing a 15 minute supply of potable water to eyes,
face, or skin shall be provided in the immediate area of sample collection. Personnel whose
clothing becomes contaminated shall immediately remove the clothing, wash the affected area with
soap and water, obtain dry clothing, and report the incident.

3.3.3 Packaging and Transporting

It is anticipated that the majority of samples will be analyzed on-site by the host facility within 24
hours of collection. A subset of samples will be transported to an off-site laboratory for
confirmatory analyses.

Personnel who select packaging, label containers, and determine the proper shipping for hazardous

materials shall have completed general awareness and safety training required by DOT Rule
126-F.

If wastewater samples indicate contamination, the waste would be classified as a DOT hazardous
substance as defined in 49 CFR § 171.8. Constituents expected to be present in quantities which
equal or exceed the reportable quantity (RQ) of the wastewater will be included on the "List of
Hazardous Substances and Reportable Quantities". Depending on the wastewater characteristics,
the chemicals may be expected to be present in a concentration which equals or exceeds the
concentration corresponding to the RQ of the material as listed in 49 CFR § 171.9. If it does not,
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the wastewater does not meet the definition of a miscellaneous hazardous materials (Class 9). The
expected chemical makeup of the wastewater must also indicate whether it does or does not exhibit
the characteristics of any other DOT hazard classes listed in 49 CFR § 173.2.

If DOT hazardous materials regulations are not applicable to the shipment of the wastewater
samples, they could be packaged and shipped as nonhazardous materials. Samples should be
packed securely so that the containers will not break and, if they do break, the liquid will be
contained and/or absorbed inside the shipping container. The outside shipping container(s) should

be labeled with "This End Up" labels and the name and address of the shipper and receiving
laboratory.

Sample collection, handling, and packaging procedures will be presented in the Test Plans. All
samples shipped to off-site labs or delivered to on-site labs will be accompanied by a chain-of-
custody form documenting number and dates of samples collected, the sample identification
numbers, preservatives added (if any), and required analysis to be conducted on each sample. The
chain-of-custody forms will be signed by both the person relinquishing custody and the person
receiving the samples as well as space for the receiver to indicate their condition.

Compatibility Segregation. Materials will be segregated according to hazard category:
L Physical State: Separate solids and liquids.
° DOT Hazard Classification: Determine the applicability of DOT hazardous

materials regulations. Segregate materials so that each container contains only
materials of one DOT hazard class.

] Chemical Compatibility: Segregate materials that will react chemically with each
other. For example, do not mix reducers with oxidizers, acids with bases, etc. At
this time, incompatible materials are not expected to be encountered.

o Flammable: No flammable samples are expected. However, the nature and
hazards associated with the specific materials to be handled must be assessed
during the implementation of the next phase of project activity.

Packaging. Ensure the integrity of packaging by observing the following guidelines:

® Laboratory Requirements: Package materials to comply with the requirements of
the proposed laboratory.
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° Leaks and Breakage: Securely close containers before placing in an outside

container. Position containers in the outside container so that they do not touch the
outside container or other containers.

L Liquid Sorbent: Place adequate amounts of absorbent material, such as vermiculite
or "Solid-adsorb," to properly cushion to prevent breakage and completely absorb
the entire liquid contents of all containers. Containers will be filled with absorbent
before closure. Because red water solids may present an explosive hazard, the
receiving laboratory must be made fully aware of this hazard and trained as
appropriate to handle Class A explosives. The samples must be packaged and
shipped in accordance with applicable Army, Department of Transportation, and

U.S. Environmental Protection Agency regulations for reactive hazardous wastes
and Class A explosives.

° Sample Preservation to 4°C: Cool the samples to 4°C prior to placing in the
shipping container. Place sufficient pre-frozen gel-filled ice packs in the sample
container to keep the samples at 4°C until the container arrives at the laboratory.

L Chain-of-Custody: All samples will be accompanied by a chain-of-custody form
documenting number and dates of samples collected, the sample identification
numbers, preservatives added (if any), and required analysis to be conducted on
each sample. The chain-of-custody forms will be signed by both the person

relinquishing custody and the person receiving the samples as well as space for the
receiver to indicate their condition.

Inventory and Labels. Prepare an inventory for each container packaged and transported from
the facility. Label each package with the following types of information:

Type of sample
Date

Inner packs
Location
Shipper's name
Destination.

Sample containers will be labeled with the following information:

° Sampler's name
. ® Sample type
] Sample location
L Sample preservative.
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3.4 CBC Job Hazard Assessment

This initial job hazard assessment identifies potential safety, health, and environmental hazards
when conducting the CBC pilot tests and provides for the protection of personnel, the community,
and the environment. Because of the complexity and constant change of environmental projects,
supervisors must continually inspect the work site to identify hazards which may harm site
personnel, the community, or the environment. The TOC Project Engineer must be aware of
these changing conditions and discuss them with the TOC's Health & Safety Manager, host

’facility's Director of Safety, and the host facility's Project Engineer. The TOC Project Engineer

will keep supervisors for any subcontractors informed of the changing conditions. The Health &
Safety Manager will prepare addenda (see Appendix A), as necessary, to change the job safety
analysis and associated hazard controls.

Additional information on hazards associated with the operation of the CBC is presented in the
CBC Conceptual Design Report and excerpted in Appendix D.

3.4.1 General Hazard Information

This section discusses the hazards that are anticipated to be encountered during operation of the
CBC to burn red water. The potential hazards associated with operation of the CBC include
chemical and physical hazards. Chemical hazards were previously presented in Section 3.2;
therefore, the following discussion focuses on physical hazards and activity-specific hazards.

Several physical hazards are expected to be encountered during field activities. These hazards are
similar to those associated with any mechanical project. These hazards include those due to poor
housekeeping, equipment operation, the use of hand and power tools, handling and storage of
fuels, and use of electrical power. Specifically, these are:

Noise hazards

Heat stress

Cold stress

Burn hazards
Explosion hazards

Fire hazards

Confined space entries.

The safety program for these physical hazards is presented in Section 4 of this H&S Plan. It
should be noted that the surface of the CBC will be more than 300°F. Therefore, there is a real
burn hazard. Other hot spots may be the ash, the baghouse, the fans, the stack, and all duct work.
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Burns can be prevented by avoiding contact with hot surfaces and by using the proper protective
equipment when working on or near hot surfaces. Further, the auxiliary fuel for the CBC will

be natural gas. To prevent an explosive buildup of natural gas in the CBC the following will be
observed:

o All auxiliary fuel valves will be installed in a double block and bleed manner
o CBC will be purged with air before the burner is started

® CBC temperature will be above 1300°F before auxiliary fuel is fed directly to the
CBC

L Flame sensor will monitor the flame whenever a burner is in operation.

High temperature in the baghouse could cause the bags to catch fire. To prevent this problem,
the temperature of the gases before the baghouse will be continuously monitored and if the
temperature exceeds the manufacturer's recommended maximum temperature, the auxiliary fuel
will be cut off.

The following sections provide an initial analysis of the likelihood of exposure to chemical and
physical hazards and the risks associated with those exposures.

3.4.1.1 CBC Installation
The likelihood of exposure to chemical hazards is anticipated to be low, and the associated risk
is low. '

Thc;‘likelihood of exposure to physical hazards is anticipated to be low to moderate. Heavy
equipment operation and working at elevated locations pose moderate hazards during CBC
installation. Other anticipated physical hazards include noise, electrical hazards, pinch points,
heavy lifting, fuel handling, and heat stress. Control measures that will be employed to reduce
the potential risk of exposure include properly maintained heavy equipment, employee training
to recognize physical hazards, and adherence to the heat and cold stress guidelines contained in
the H&S Plan.

3.4.1.2 Performance Testing
During the performance test, samples of the red water will be analyzed. The red water may be
spiked with organic chemicals and heavy metals, which present potential inhalation and skin
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contact hazards during the addition and subsequent sample handling activities. Control measures

that can be employed to significantly reduce the potential risk of exposure include enclosed mixing
and the use of PPE.

The likelihood of exposure to physical hazards is anticipated to be low to moderate. Equipment
operation and material handling activities pose low hazards during trial burn preparation activities.
Other physical hazards include heavy lifting, noise, electrical hazards, fire, and elevated work
areas. Control measures that should be used to reduce the potential risk of exposure include
proper equipment maintenance, trained operators, grounding and bonding during liquid transfer,
adherence to lock-out/tag-out procedures, and utilization of proper tie-off procedures.

3.4.1.3 Maintenance Operations

The likelihood of exposure to chemical hazards during maintenance activities is anticipated to be
low. The area of concern for this analysis is from the feed port to the stack. All red water that
enters the CBC will be combusted, so red water (and its constituents) will not be present in the
CBC during maintenance operations. A separate analysis of maintenance of the waste feed system
should be considered, but this is beyond the scope of this document.

The likelihood of exposure to physical hazards is anticipated to be low to moderate. The risk

associated with exposure to these agents is moderate, based upon the potential for serious injury
from electrical hazards, pinch points, and moving equipment. Control measures that will be

employed to reduce the potential risk of exposure include employee training and the preparation

of site-specific standard operating procedures (SOP). Examples of these procedures include:

Lockout/tagout procedure

Confined space entry

Welding, cutting, and other hot work in hazardous locations
Isolation of and entry into the CBC.

3.4.1.4 Operation of the CBC
A variety of chemical and physical hazards are associated with the operation of the CBC. The

primary control measures include good engiheering design, employee training, and the preparation
of site-specific SOPs.

The likelihood of exposure to chemical hazards during routine operations is low and should be
limited to exposure during sampling of the waste feed and the ash.
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The likelihood of exposure to physical hazards is anticipated to be low to moderate. Hazards
addressed in the SOPs will include noise, electrical hazards, work at elevations, slip/trip hazards,
pinch points, and hot surfaces.

Either a task-specific hazard analysis or an SOP should be developed prior to starting a particular
task.

3.4.2 Sample Collection
Sample collection and handling will involve the same considerations discussed in Section 3.3.2.

3.4.3 Packaging and Transporting
Sample packaging and transport will involve the same considerations discussed in Section 3.3.3.

3.5 Control of Hazardous Energy Sources

Hazards: Energy used to power the equipment for this treatability study is anticipated to include
electricity, compressed air, hydraulic pressure, and others is hazardous due to the unexpected
startup of equipment. Appropriate procedures must be followed during equipment repair or
adjustment.

Controls: A program to control hazardous energy (including lockout/tagout provisions) should
be implemented prior to the start of operations. This program should be consistent with the
OSHA standard 29 CFR 1910.147 (control of hazardous energy sources) and Section 12 of the
US Army Corps of Engineers Safety and Health Requirements Manual (EM 385-1-1). Elements
of this program shall include a hazardous energy control plan, lockout-tagout devices, training of
affected personnel and periodic inspections of the work area. An example of an energy control
plan is included in Appendix E.

3.6 Confined Spaces
Hazards: Potential for entry into confined spaces in or near the project site. A permit-required
confined space is a space that:

) Contains or has the potential to contain a hazardous atmosphere
° Contains a material that has a potential for engulfing an entrant
® Is configured such that an entrant could be trapped or asphyxiated
° Contains any other safety or health hazard.
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Controls: A confined space program consistent with the OSHA confined space standard 29 CFR
1910.146 shall be implemented. All permit-required confined spaces in or near the project site
must be labeled or identified as such. Specifically, a sign reading "DANGER--PERMIT-
REQUIRED CONFINED SPACE, DO NOT ENTER" should be posted at the entrance to any
confined space.

Before entry into a permit-required confined space, a permit must be obtained from the site H&S
officer. Only properly trained, authorized entrants may enter a confined space. A properly
trained attendant must monitor the entrant from outside of the confined space. The appropriate
PPE must be worn by the entrant and available for the rescue service.

If confined space entries are necessary during the project, all site personnel will be informed of
the location of confined spaces in the project site and the requirements involved with confined
space entry. A permit-required confined space decision flowchart is included in Appendix F, to
be used as a supplement to the written confined space program at the host facility.

3.7 Hazardous and Toxic Materials

This section lists the currently known and anticipated hazards associated with materials that are
likely to be used or encountered during the demonstrations (Table 3-4). The TOC Health &
Safety Manager should update this section as information becomes available during the
implementation of this project. The TOC's On-site H&S Representative will ensure that MSDSs
for all hazardous and toxic materials are include in the revised H&S Plan prior to commencement
of mobilization activities. Copies of the H&S Plan and a complete set of MSDSs will be
maintained on site by the TOC's On-site H&S Representative.

-
-

No more than 25 gallons of flammable/ combustible chemicals shall be stored on site at any time
without the use of a flammable storage cabinet. Only compatible materials shall be stored
together. " Calibration gases and chemicals are to be stored in an area with limited traffic.
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Table 3-1 Available Characteristics of Red Water

* Solids analysis provided on Table 3-2

Source: (PEI, 1990)
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I Chemical Oxygen Demand mg/L 65,000 - 120,000
Total Solids %* 15-30
l Specific Gravity NA 1.1
Nominal Solids Heat Value BTU/Ib 3,200
l Suspended Solids mg/L 32
pH S.U. 7-9.7
l Soluble Chloride mg/L 70
Total Kjeldahl Nitrogen mg/L 11,129
l Nitrate Nitrogen mg/L 1,739
Nitrite Nitrogen mg/L 6,788
I Ammonia Nitrogen mg/L 150
Metals mg/L ,
I Calcium . 39 - 346
Iron 4.9 - 307
Magnesium 25-90
' Potassium 42
Aluminum 2.1-10
l Chromium 0.14-49
Barium . 0.22-3.0
Copper 2.3
l ) Cadmium 0.7
Silver 04
l Zinc 6.4




Table 3-2 Available Data on the Composition of Red Water Solids

P Weight P

Inorganic Salts
Na,S0,-Na,S0, 323
NaNO, (sodium nitrite) 11.2
NaNO, (sodium nitrate) 1.5
NaHS-Na,S (sodium sulfide) may be present
Sodium bicarbonate/carbonate may be present
Subtotal Inorganic Salts 45

Nitrobodies '
Sodium sulfonate of 2,4,5 TNT 22.7
a-TNT-Sellite complex 16.2
Sodium sulfonate of 2,3,4 TNT 9.6
Sodium sulfonate of 2,3,5 TNT 2.0
Sodium sulfonate of 2,3,6 TNT trace
2,4,6-TNBA (trinitrobenzoic acid) Na salt 1.0
White compound sodium salt® 1.0
TNBAL-bisulfite addition compound (trinitrobenzaldehyde) 1.0
TNBOH (trinitrobenzyl alcohol) 1.0
Sodium nitroformate 0.5
3,5-DNBA (dinitrobenzoic acid) Na salt trace
2,3-DNBA (dinitrobenzoic acid) Na salt trace
TNB (trinitrobenzene)-Sellite complex trace
Dissolved 2,4-DNT (dinitrotoluene) trace
Dissolved a-TNT (trinitrotoluene) trace
Subtotal Nitrobodies 55

* "White compound" is believed to be 2,2-dicarboxy-3,3,"5,5"-tetranitroazoxybenzene

Source: (PEI, 1990)
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Table 3-3 Analytical Results from Bench-Scale WAO Autoclave Tests

Results of the WAO of Diluted Red Water (1:100) at P, = 19 psi (@25°C) as a Function of Temperature
Parameter Test Run No.
Raw 1 2 3 4 5
Operational Conditions (1:100)
Set Temp. (S.T.)°C 200 230 260 290 320
Py, psi 225 406 680 1079 1638
Py at S.T., psi 30 32 34 36 38
Py atS.T., psi 255 438 714 1115 1676
Actual Py, psi 240-260 420-430 700-740 1125-1130 1650-1700
Actual T, °C 198-205 228-232 258-264 290-291 320-322
pH, unit 7.12 5.10 524 4.46 543 5.64
Solids, mg/L
TS 3087 2647 2353 2087 1973 1893
TVS 1353 1007 680 440 267 160
FS 1734 1640 1673 1647 1706 1733
TVS/TS, % 4 38 29 21 14 8
Inorganic Salts, mg/L
NO; 278 BDL’ BDL BDL BDL BDL
NO;y 17 129 147 202 228 198
SO, 35 BDL BDL BDL BDL BDL
SO* 378 999 1103 1163 1235 1243
Organic Content, mg/L
Acetic Acid BDL 13 31 50 52 44
COD 816 418 238 118 52 18
TOC 454 317 225 147 75 35
Nitrobodies
NB hDL 0.07 0.03 0.16 0.17 0.25
a-TNT . 0.80 0.14 0.11 0.11 0.04 0.03
24-DNT 0.17 0.24 0.15 0.06 0.08 0.04
2,6-DNT 0.02 0.81 0.90 0.37 BDL BDL
| _1.35-TNB 1.46 5.33 0.94 0.33 0.25 0.11
* BDL - below detection limit
** Estimated values
Source: (Phull, 1992)
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Table 3-3 (continued)

Results of the WAO of Diluted Red Water (1:100) at P, = 19 psi (@25°C) as a Function of Temperature

Parameter Test Run No.
Raw 1 2 3 4 5
1,3-DNB 0.05 8.12 23.70 20.18 16.74 251
DNTS™
2,4-DNT-3-SO;Na 42.0 39.1 33.7 286 84 BDL
2,4-DNT-5-SO;Na 28.0 249 9.8 BDL BDL BDL
Operational Conditions (1:100)
Set Temp. (S.T.) °C 200 230 260 290 320
Py Psi 225 406 680 1079 1638
Py, at S.T., psi 143 152 161 170 179
Py atS.T., psi 368 558 841 1249 1817
Actual Py, psi 350-360 530-550 790-820 1200-1220 1750-1760
Actual T, °C 200-201 230-231 259-261 290-291 320-322
pH, unit 7.10 3.37 341 3.27 3.13 3.05
Solids, mg/L.
TS 3147 2420 2290 1989 1833 1773
TVS 1347 867 693 393 247 127
FS 1800 1553 1607 1596 1586 1646
TVS/TS, % 43 36 30 20 13 7
Inorganic Salts, mg/L
NO, 291 BDL’ BDL BDL BDL BDL
NO; 17 230 275 271 338 336
SO;* 35 BDL BDL BDL BDL BDL
SO, 360 1001 1068 1160 1208 1216
Organic Content mg/L
COD "800 278 178 7 30 8
TOC 495 255 228 112 72 30
Nitrobodies
NB BDL BDL 0.11 0.06 0.10 0.13
* BDL - below detection limit
** Estimated values
Source: (Phull, 1992)
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* BDL - below detection limit
** Estimated values
Source: (Phull, 1992)
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. Table 3-3 (continued)
I Resuits of the WAO of Diluted Red Water (1:100) at PO_2 = 19 psi (@25°C) as a Function of Temperature
Parameter Test Run No.
I Raw 1 2 3 4 5
a-TNT 0.79 0.16 0.17 0.11 0.06 0.01
24-DNT 0.18 0.25 0.35 0.07 0.05 0.01
' 2,6-DNT 0.02 0.49 0.72 0.36 BDL BDL
1,3,5-TNB 1.35 1231 3.74 0.91 0.83 032
l 1,3-DNB 0.04 7.02 21.50 21.33 17.55 5.68
DNT suifonates™
2,4-DNT-3-SO;Na 420 386 323 25.6 109 BDL
' 2,4-DNT-5-SO;Na 28.0 222 174 BDL BDL BDL
l Operational Conditions (1:100)
Set Temp. (S.T.) °C 200 230 260 290 320
Py, psi 225 406 680 1079 1638
I P, at S.T., psi 302 321 340 359 378
PyatS.T,, psi 527 727 1020 1438 2016
I Actual Py, psi 480-520 680-720 980-1020 1380-1400 1900-1940
Actual T, °C 199-201 229-231 259-261 290-291 318-321
' pH, unit 7.50 322 323 311 3.00 2.98
Solids, mg/L
' TS ) 3284 2784 2646 2278 2216 2128
TVS . 1522 1032 834 422 362 268
. FS 1762 1752 1812 1856 1854 1860
TV‘S/TS, % 46 37 32 19 16 13
. Inorganic Salts, mg/L
NO, 236 BDL’ BDL BDL BDL BDL
l NOy 18 307 331 339 334 314
S0, 35 BDL BDL BDL BDL BDL
l SO 391 1071 1104 1223 1263 . 1326




Table 3-3 (continued)

Results of the WAO of Diluted Red Water (1:100) at Py, = 19 psi (@25°C) as a Function of Temperature
Parameter Test Run No.
Raw 1 2 3
Organic Content, mg/L
Ccob 830 275 175 79 60 38
TOC 477 275 224 115 71 50
Nitrobodies
NB BDL 0.09 0.01 0.06 0.08 0.13
a-TNT 0.67 0.22 0.40 041 0.11 BDL
2,4-DNT 0.24 0.42 0.47 0.51 0.03 0.02
2,6-DNT 0.02 0.56 0.78 0.60 BDL BDL
1,3,5-TNB 1.84 19.92 547 0.92 0.36 0.35
1,3-DNB 0.05 8.32 16.67 15.93 14.16 10.04
DNT sulfonates™
2,4-DNT-3-SO,Na 420 311 29.4 231 838 BDL
2,4-DNT-5-SO,Na 28.0 20.2 15.1 BDL BDL BDL
* BDL - below detection limit
** Estimated values
Source: (Phull, 1992)
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4.0 Safety Program

The following work practices will be observed during all site activities.
4.1 General Practices

L At least one copy of this H&S Plan shall be available at the project site in a
location readily available to all personnel.

L Contaminated protective equipment, such as gloves, clothing, hoses, boots, etc.,
shall not be removed from the work area until it has been cleaned or properly
packaged and labeled.

® Legible and understandable precautionary labels which comply with the hazard
communication standard shall be affixed prominently to all containers of
contaminated scrap, waste, debris, and clothing.

o Removal of contaminated residue from protective clothing or equipment by
blowing, shaking, or any other means that disperse contaminants into the air is
prohibited.

L No food or beverages shall be present or consumed in the regulated area.

o No tobacco products shall be present or used in the regulated area.

L Contact lenses shall not be worn in the regulated area during any operation

involving the potential contact with chemicals.
L Cosmetics shall not be applied within the regulated area.

° Contaminated materials shall be stored in tightly closed containers, in
well-ventilated areas.

° Containers and equipment shall be moved only with the proper equipment, and
shall be secured to prevent dropping or loss of control during transport.

° Emergency equipment shall be located in readily accessible locations that will
remain minimally contaminated in an emergency.

® No single person may lift more than 60 pounds.

) All crew personnel on site shall use the buddy system (working in pairs or teams).
If protective equipment or noise levels impair communications, then prearranged
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hand signals shall be used for communication. Visual contact shall be maintained
between crew members at all times, and crew members must observe each other
for signs of toxic exposure. Indication of adverse effects include, but are not
limited to:

- Changes in complexion and skin coloration
- Changes in coordination

- Changes in demeanor

- Excessive salivation and pupillary response
- Changes in speech pattern.

Employees shall inform their partners or fellow team members of nonvisible effects
of overexposure to toxic materials. The symptoms of such overexposure may
include:

- Headaches

- Dizziness

- Nausea

- Blurred vision

- Cramps

- Irritation of eyes, skin, or respiratory tract.

® Visitors to the site shall abide by the following:

- Visitors shall be cautioned to avoid skin contact with wastewater or
suspected contaminated surfaces.

- Visitors requesting to observe work must wear all appropriate PPE prior
‘to entry. If respiratory protective devices are necessary, visitors who wish
to enter the contaminated zone must produce evidence that they have had
a complete physical examination, training, and have been fit tested for a
respirator within the past 12 months.

- Visitor inspection in the test area shall be at the discretion of the TOC
Project Engineer.

4.2 Fall Protection

Ladders will be ascended and descended facing the ladder, with both hands free. Tools, supplies,
and equipment will be raised and lowered by rope, not carried while traversing the ladder.
Ladder safety as outlined in OSHA standard 29 CFR 1910.25 through 1910.27 shall be followed.
All 1adders used shall be type Al for extra heavy dut&r service. All work above the floor will be
from a secure platform. If more than 6 feet above the floor, the workers will be protected from
falling by use of a safety harness (Class III) life belt and lanyard or standard guardrail. Scaffolds
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will be ascended by a secure ladder. All scaffolds will be inspected at the beginning of each work
shift.

4.3 Test Materials, Equipment, and Drum Handling

Mechanical handling equipment will be used to lift or move equipment and drums. Drums used
to receive waste generated by site activities will be properly labeled and removed from the site
using proper drum handling equipment and techniques. Loading and unloading of vehicles will
be performed by site persohnel using hydraulic lift gates on equipment if a loading dock is not
available. Dollies and forklifts with specially designed handling equipment will be used to move
equipment and drums. Mechanical handling equipment shall be used only by trained personnel.
In addition, the following procedures shall be followed:

L The quantity of unknown material tested will be no larger than necessary to
adequately perform the test.

L Containers will be opened in a manner to minimize the likelihood of spray or
splash in the direction of people close to the container.

4.4 Heat and Cold lliness Prevention

Since project operations may be performed outdoors and with the use of chemical impermeable
clothing, heat and cold induced illnesses are possible. The following subsections describe heat
and cold stress symptoms and prevention procedures.

4.4.1 Heat Stress

Heat stress is a significant potential hazard associated with the use of protective equipment in hot
weather environments. The signs and symptoms of heat stress and the physiological monitoring
reql'i-irements are discussed below.

Heat Stress Monitoring. Heat stress is caused by a number of interacting factors, including
environmental conditions, clothing, workload, and individual characteristics. Extreme hot
weather can cause physical discomfort, loss of efficiency, or personal injury.

Individuals vary in their susceptibility to heat stress. Factors that may predispose individuals to
heat stress include:

L Lack of physical fitness

® Insufficient acclimation
] Age
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Dehydration

Obesity

Alcohol and/or drug use
Medical conditions
Infection

Sunburn

Diarrhea

Chronic disease.

Reduced work tolerance and the increased risk of heat stress are directly influenced by the amount
and type of PPE worn. PPE adds weight and bulk, severely reduces the body's normal heat
exchange mechanisms (evaporation, convection, and radiation), and increases energy expenditure.

Signs and Symptoms of Heat Stress. If normal body temperature fails to be maintained because
of excessive heat, a number of physical reactions can occur ranging from mild to fatal. Heat-
related problems include:

L Heat Rash - caused by continuous exposure to heat and humidity and aggravated
by chafing clothes. Heat rash decreases the body's ability to tolerate heat, as well
as being a nuisance.

L Heat Cramps - caused by profuse perspiration with inadequate fluid intake. Heat
cramps cause painful muscle spasms and pain in the extremities and abdomen.

) Heat Exhaustion - caused by increased stress on various organs to meet increased
demand to cool the body. Heat exhaustion causes shallow breathing; pale, cool,
moist skin; profuse sweating; and dizziness. Heat exhaustion can be alleviated by
promptly moving the affected individual to a cool place to lie down and providing

- cool fluids to drink.

) Heat Stroke - the most severe form of heat stress. Heat stroke symptoms include
hot, dry skin; no perspiration; nausea; dizziness; confusion; strong, rapid pulse;
and coma. The body must be cooled immediately to prevent severe injury or
death. Relief is possible only by emergency measures that quickly reduce body
temperature to avoid irreparable damage to the body.

Heat Stress Prevention. One or more of the following practices will help reduce the probability
of succumbing to heat stress: g
° Provide plenty of liquids to replace the body fluids lost by perspiration. Fluid

intake must be forced because, under conditions of heat stress, the normal thirst
mechanism is not adequate to bring about a voluntary replacement of lost fluids.
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° Provide cooling devices to aid natural body ventilation; however, these devices add
weight and should be balanced against worker comfort.

[ If possible, install mobile showers or hose-down facilities to reduce body
temperature.

] If possible, provide cool protective clothing.

L If possible, conduct field operations in the early morning.

® Acclimate workers to heat conditions when field operations are conducted during
hot weather.

° Train personnel to recognize the signs and symptoms of heat stress and its
treatment.

o Rotate personnel to various job duties if possible.

° Provide shade or shelter to relieve personnel of exposure to the sun during rest
periods.

Individuals succumbing to the symptoms of heat stress will notify the site H&S officer. Early
detection and treatment of heat stress will prevent further serious illness or injury and lost work-
time. Proper and effective heat stress treatment can prevent the onset of more serious heat stroke
or exhaustion conditions. Individuals having progressed to heat exhaustion or heat stroke become
more sensitive and predisposed to additional heat stress situations.

Physiological Monitoring. Ambient temperature and other environmental factors provide basic
guidelines to implement work/rest periods. However, because individuals vary in their
susceptibility to heat stress, physiological monitoring will be used to regulate each individual's
response to heat stress when ambient temperatures exceed 70°F. Monitoring frequency will
increase as ambient temperature increases. The three physiological parameters that each
individual will monitor are:

° Heart Rate - each individual will count his/her radial (wrist) pulse for 30 seconds
as early as possible in the first rest period. If the heart rate of any individual on
the sampling team exceeds 100 beats per minute at the beginning of the rest period,
then the work cycle will be decreased by one-third. The rest period will remain
the same.
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° Oral Temperature - each individual will measure his/her oral temperature with a
single-use clinical thermometer for 1 minute as early as possible in the first rest
period. If the oral temperature exceeds 98.6°F at the beginning of the rest period,

then the work cycle will be decreased by one-third. The rest period will remain
the same. :

L Body Water Loss - each individual will weigh his/her self before starting work and
at the end of each work shift.

An individual is not permitted to return to work if his/her oral temperature exceeds 100.4°F.

Physiological monitoring information will be recorded on the Employee Record for Heat Stress.
All monitoring will be performed by persons with a minimum of current Red Cross first-aid
certification and individualized training to recognize the symptoms of heat stress. The site H&S

officer will specify the work cycle period and the rest cycle period based on heat stress monitoring
as per 1991-1992 ACGIH Threshold Limit Values (TLV).

4.4.2 Cold Stress

At certain times of the year, workers may be exposed to the hazards of working in cold
environments. Potential hazards in cold environments include frostbite and hypothermia, as well
as slippery working surfaces, brittle equipment, and poor judgement.

To minimize the risk of the hazards of working in cold environments, workers will be trained to
recognize the physiologic responses of the body to cold stress.

Physiologic Response to Cold Stress. Personnel who are exposed to temperatures below -10°F
witﬁ wind speeds of greater than 5 miles per hour (mph) will be medically certified as suitable for
such exposure. Employees will be protected from exposure to cold so that their body core
temperature does not fall below 98.6°F. Lower body temperatures result in reduced alertness and
a reduction in thought processes or loss of consciousness.

Pain in the extremities (i.e, fingers, toes, ears, and nose) may be the first signs of cold stress,
because these areas have high surface area-to-volume ratios. Uncontrollable shivering occurs
during exposure to cold when the body core temperature falls below 95°F. This symptom should
be taken as a sign of danger, and work terminated with workers moving to a warm environment.
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Ambient air temperature and the velocity of the wind influence the development of a cold injury.
Wind chill is used to describe the chilling effect of moving air in combination with low
temperature. As a general rule, the greatest incremental increase in wind chill occurs when a 5-
mph wind increases to 10 mph. Additionally, water conducts heat 240 times faster than air.
Thus, the body cools suddenly when chemical protective clothing is removed and clothing beneath
is soaked with perspiration.

Signs and Symptoms of Cold Stress. Local injury resulting from cold is included in the generic
term "frostbite;" however, there are several degrees of damage. Cold-related injuries include:

Frost nip or incipient frostbite is characterized by sudden whitening or blanching
of the skin.

Superficial frostbite gives the skin a waxy appearance and is firm to the touch, but
the tissue beneath is resilient. Superficial frostbite can be treated by covering the
cheeks with warm hands, placing frostbitten fingers beneath the armpit next to the
skin, or placing frostbitten feet beneath the clothing against the skin of a
companion.

Deep frostbite is characterized by cold, pale, and solid tissues. Deep frostbite is
an extremely serious injury and affected individuals will seek medical attention.

Systemic hypothermia is caused by exposure to freezing and rapidly dropping
temperatures. Hypothermia symptoms are visually exhibited in five stages:

- Shivering

- Apathy, listlessness, sleepiness, and sometimes rapid cooling of the body
to less than 95.5°F

- Unconsciousness, glassy stare, slow pulse, and slow respiratory rate
- Freezing of the extremities

- Death.

Cold Stress Prevention. Prevention of frostbite is a function of whole-body protection:

_ Adequate insulated clothing should be worn when the air temperature is below

°
40°F. Insulated coveralls, thermal socks, long underwear, hard hat liners, and
other cold-weather gear aid in the prevention of hypothermia.
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[ Warm break areas and drinks (no caffeinated coffee) aid in warming the body.

° Train personnel to recognize the signs and symptoms of cold-related injuries and
their treatment.

L Personnel will try to keep from getting their bodies and clothing wet, as this will
only accelerate the effects of cold stress. However, if personnel should get wet,
they will be allowed to dry off and change clothes.

L In addition, reduced work periods may be necessary in extreme conditions to allow
rest in a warm area.

4.5 Hearing Conservation

All on-site personnel shall wear hearing protection, with a Noise Reduction Rating (NRR) of at
least 20, when noise levels exceed 85 DBA. All on-site personnel who may be exposed to noise
shall also receive baseline and annual audiograms and training as to the causes and prevention of
hearing loss. Noise monitoring is discussed in Chapter 8.0.

Whenever possible, equipment that does not generate excessive noise levels will be selected for
this project. If the use of noisy equipment is unavoidable, wherever possible, barriers, or
increased distance will be used to minimize worker exposure to noise.

4.6 Confined Spaces
Procedures for confined space entries are described in Section 3.6.

4.7 Sanitation

Sanitary conveniences will be provided and maintained at the testing facility. All on-site
personnel shall keep support and work areas neat, clean, and orderly. Trash, refuse, waste, and
debris are removed and placed in proper receptacles promptly.

4.8 Break Area
All eating, drinking and smoking by on-site personnel is restricted to designated break areas at
the test facility. Employees must exercise good personal hygiene before eating or drinking.

4.9 Ventilation and Engineering Controls

If the treatment systems generate some gasses during their treatment operation (assuming the
system is not a closed system), the gasses and vapors generated during operation must be
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discharged through exhaust piping. To prevent the release of potentially toxic or unknown gasses
and vapors into the test facility, all pilot plant gas discharge piping shall discharge outside the
building at roof level or higher.
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5.0 Personal Protective Equipment

Based upon the job hazard analysis, it is expected that project personnel will not need extensive
protective clothing, and that the on-site work can be completed in Level D protective clothing.
Level C protective clothing will be available on site in the event that an upgrade in the level of
protection is needed. If conditions warrant higher levels of protection, site work will be
suspended until those conditions can be rectified. Level B protection will be included if confined
space entry is planned. This upgrade requires immediate notification of the TOC's Health &
Safety Manager and the host facility's Director of Safety.

5.1 Levels of Protection
The levels of protection are outlined as follows:

L Specific levels of protection will be reviewed whenever site conditions change.
They may either be increased to the next higher level or decreased to the next
lower level if conditions warrant.

L The decision to change levels of protection will be made by the host facility's
Director of Safety or the TOC's Health & Safety Manager with input from the
Project Manager and the Project Engineers.

- If the need arises to protect Health & Safety, the Project Engineer can
upgrade protection levels without input from the TOC's Health & Safety
Manager or Project Manager. He will then discuss the decision with the
TOC's Health & Safety Manager and host facility's Director of Safety
when they are available.

- Levels of protection will not be downgraded without prior approval from
the TOC's Health & Safety Manager and the host facility's Director of
Safety.

o After each use, the respirator will be wiped with a disinfectant, cleansing wipe.
‘When used, the respirator will be thoroughly cleaned at the end of the work shift.
The respirator will be stored in a clean plastic bag.

5.1.1 Modified Level D Protection
The minimum level of protective equipment to be worn on site during this project is:

° Hard hat
o Face shield
° Safety glasses with side shields
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® Steel-toed boots or shoes
° Tyvek coveralls.

During sample collection or chemical handling activities, or other operations where skin contact
with contaminated surfaces is likely Nitrile gloves (may be surgical-style gloves such as N-Dex)
will be added to minimum requirements for Level D protection.

During activities conducted in close proximity to heated surfaces, heat-resistant type gloves will
be added to the minimum requirements for Level D protection.

5.1.2 Level C Protection

Level C protection shall be required if airborne concentrations of hazardous materials exceed one
half OSHA's permissible exposure limit (PEL) as determined by personnel monitoring. The main
components of Level C protection include full-facepiece air purifying respirator and chemical
resistant clothing. The TOC's Health & Safety Manager and the host facility's Director of Safety
shall be notified if the need exists to upgrade to Level C.

5.1.3 Level B Protection

Level B protection will be required if airborne concentrations of hazardous materials exceed or
are expected to exceed by 10 times OSHA's permissible exposure limit (PEL) as determined by
personnel monitoring. The main components of Level B protection include full-facepiece SCBA
and chemical resistant clothing. Level B shall be used if confined space entry is permitted by a
trained confined space entry supervisor. The TOC's Health &Safety Manager and the host
facility's Director of Safety will be notified if the need exists to upgrade to Level B.

Level B protection will also be required for all work where confined space atmospheres contain
contaminants in excess of two times the permissible exposure limit (PEL).

5.1.4 Level A Protection
Level A protection is not anticipated.

5.1.5 Selection of PPE ’
The level of personal protection selected may be changed based upon real-time air monitoring of
the work environment and an assessment by the TOC's Health and Safety Manager and the host
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facility's Director of Safety of the potential for skin contact with contaminated materials. The
PPE selection matrix is given in Table 5-1.

5.2 Respiratory Protection Program
The site respiratory protection program will consist of the following:

All site personnel will have an assigned respirator.

All site personnel must be fit tested within the last 12 months and must be qualified
in the use of an air purifying and supplied air respirator (because the site personnel
may be required to wear Level B PPE). Fit test and respirator qualification cards
must provided to the TOC's H&S representative and the host facility's Director of
Safety prior to commencing site work.

All site personnel must within the past year have been medically certified as being
capable of wearing a respirator. Documentation of the medical certification must
be provided to the TOC's H&S representative and the host facility's Director of
Safety prior to commencement of site work.

Only properly cleaned, maintained, NTOSH-approved respirators are to be used on
the site.

If respirators are used, the respirator cartridge is to be disposed of at the end of
each work shift, or when load-up or breakthrough occurs.

Contact lenses are not to be worn when respirators are required.

All site personnel will be clean shaven. Mustaches and side burns are permitted,
but they must not touch the sealing surface of the respirator.

Respirators will be inspected, and a positive, negative pressure test performed
prior to each use.

After each use, the respirator will be wiped with a disinfectant, cleansing wipe.
When used, the respirator will be thoroughly cleaned at the end of the work shift.
The respirator will be stored in a clean plastic bag.

Visitors who have not been fit tested or do not have medical clearance must be
accompanied at all times by on-site personnel and will not be permitted in areas
requiring respiratory protection.
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5.3 Donning and Doffing Procedures

Personal protective equipment shall be donned (put on) in a clean support zone. Personal
protective equipment shall be doffed (taken off) in a designated area of the contamination
reduction zone. Used disposable PPE will be disposed of in nearby designated receptacles.
Nondisposable contaminated clothing will be decontaminated prior to reuse.
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Table 5-1 PPE Selection Matrix

" Parameter Reading' Action
Total Hydrocarbons <5 ppm Normal operations
5t0 25 ppm Don respirator and other necessary Level C PPE
>25 ppm Stop work and evacuate area; notify TOC On-Site
H&S Representative to investigate cause of reading |
Identified Air <% x PEL Level D PPE
Contaminant >% x PEL and <10 x PEL? Level C PPE
>10 x PEL Level B PPE
Total Particulates <0.05 mg/m? above background Normal operations; Level D PPE
0.05 to 0.5 mg/m® Level C PPE
>0.5 mg/m? Level B PPE
Flammable Vapors <10% LEL Normal operations
>10% LEL Stop work; ventilate area; investigate source of
vapors
Notes:
ppm denotes parts per million

PEL denotes permissible exposure limit
mg/m’ denotes milligrams per cubic meter
LEL denotes lower explosive limit

2 Based on the Protection Factor provided by a half-face respirator.

1
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6.0 Site Control

6.1 Authorization to Enter

Only personnel who have completed training for hazardous waste operations as defined under
OSHA Regulation 29 CFR 1910.120 shall be authorized to perform work at this site. All visitors
to the site must be coordinated with the TOC and host facility's Director of Safety prior to any
visit. The host facility's Director of Safety will maintain a list of authorized persons. That list

will be provided to each Project Engineer. Only personnel on the authorized persons list will be
allowed within the work area.

6.2 Hazard Briefing

No person will be allowed in project-related field sites during site operations without first being
given a site hazard briefing. In general, the briefing will consist of a review of the daily safety
meeting. All persons on the site, including visitors, must review and sign the site-specific daily
safety meeting form.

6.3 Documentation of Certification

A training and medical file will be established for the project and kept on site during all site
operations. All training, updates, and specialty training (first-aid/cardiopulmonary resuscitation
[CPRY]) certificates, as well as the current annual medical clearance for all project field personnel,
will be maintained within that file. The host facility, TOC, and subcontractors will be responsible
for maintaining a file of required training and medical documentation for their employees.

6.4-Entry Log |
The TOC's Engineer shall record on their Daily Log all visitors on the site.

6.5 Entry Requirements

In addition to the entry requirements listed above, no personnel will be allowed in the site unless
they are wearing the minimum PPE as described in Section 5.0. The TOC Project Engineer will
record all personnel entries and departures. All site entries will comply with host facility
procedures.
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7.0 Decontamination

An area will be provided with closable containers for storage of used/contaminated gloves and
other PPE and a separate locker or area for storage of other personal protective equipment. All
personnel shall remove and discard their gloves after sample collection or other activities which
may contaminate the gloves. When personnel leave the site, coveralls shall be removed and stored
in a secure location designated by the host facility. The entrance to the project site area will be
posted with the following sign: WORK AREA, NO UNAUTHORIZED ACCESS.

7.1 Equipment Decontamination

All equipment shall receive washdown and decontamination before being removed from the
building. This includes the exterior of sample containers. Removal of any equipment from the
site will require specific review and approval by the host facility's Hazards Analysis Department.

7.2 Personal Protective Equipment Decontamination
Non-reusable protective clothing shall be disposed of in marked containers. Depending upon
subsequent analysis, that protective clothing may require disposal as hazardous waste.

Reusable protective clothing will be rinsed at the site with detergent and water. The rinsate will
be discharged to the host facility's on-site wastewater treatment plant, if available. If a
wastewater treatment plant is not available, the rinsate will be drummed for subsequent disposal
offsite.

Res‘piratory protective equipment will be wiped with a damp cloth and bagged. Once the
respirator has been removed from the work area, it will be thoroughly cleaned with soap and
water. The respirator face piece will be cleaned at the end of each work shift.
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8.0 Site Monitoring

8.1 Air Monitoring
Air monitoring will be conducted during the initiation of project work and whenever there is

reason to suspect the airborne concentration of any hazardous material exceeds one-half of the
OSHA PEL or the ACGIH threshold limit value (TLV).

The TOC's On-site H&S Representative will be responsible for monitoring the breathing zones
of site personnel to ensure that the personnel are not exposed over permissible exposure limits.
The TOC's On-site H&S Representative will periodically collect air samples in the breathing zone
of site personnel, particularly if odors are detected, in accordance with the requirements in Table
8-1. Additional air monitoring may be required after additional process discharge gasses are
identified. If an action level in Table 8-1 is exceeded, the TOC's H&S Manager will be notified,
the area will be evacuated, and the contaminant will be allowed to dissipate. It will be necessary
to don appropriate clothing, respirator, and retest. If levels continue to exceed the action levels,
work will be postponed until conditions return to background levels and the host facility's
Director of Safety will be contacted for assistance. In the case of noise, exceedance of action
levels will trigger the use of hearing protection only.

8.2 Monitoring Recordkeeping

The TOC's On-site H&S Representative will be responsible for establishing and maintaining
records of all required monitoring as described below:

Employee name, social security number, payroll number

The date, time, pertinent task information, exposure information
Description of the analytical methods, equipment used, calibration data
Type of PPE worn

Engineering controls used to reduce exposure.

*
® 0o 000

8.3 Hazardous Conditions

The TOC's On-site H&S Representative shall take affirmative action to limit exposures. He shall
contact the TOC's Health & Safety Manager and the host facility's Director of Safety to evaluate
especially hazardous situations, or any situation with a large risk of hazardous exposure.
Operations will proceed only if they can be accomplished in a safe manner.
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8.4 Noise Monitoring

Noise monitoring will be conducted as required. Hearing protection is mandatory for all
employees in hazardous noise areas around operating machinery.

On-site personnel must wear monitoring equipment as instructed by the TOC's On-site H&S
Representative. Refusal to wear monitoring equipment or intentional tampering with sampling
apparatus will lead to immediate dismissal from the job site.

All equipment used on site will be monitored during its first use and assigned and labeled with
a noise level. Personnel will be notified of all equipment which requires the use of hearing
protection.

8.5 Heat Stress

Heat stress monitoring shall be initiated whenever ambient temperatures on site exceed 85° F
during tasks requiring only D level PPE. Should PPE be upgraded, heat stress monitoring will
be initiated at 70° F. At the discretion of the host facility's Director of Safety and TOC's Health
& Safety Manager, environmental and/or physiologic monitoring will be carried out. Monitoring
and interpretation of monitoring results will be in accordance with the Threshold Limit Values for
Heat Stress published by the American Conference of Governmental Industrial Hygienists.

8.6 Safety Review

At least once during the project, both the TOC's Project Manager and the TOC's Health & Safety
Manager (or designee)' will conduct a comprehensive safety review of the project. The TOC's
On-site H&S Representative will conduct frequent site safety inspections (no less than once per
week). The TOC's Management Safety Reviews will be recorded on Safety Inspection Report
Forms and will be forwarded to the TOC's Project Manager and Corporate H&S Manager for
review. The TOC's Project Manager will record the inspection results on the Safety Inspection

Report.

8.7 Notification

Within 5 working days after receipt of monitoring results, the project Health & Safety staff will
ensure that each employee is informed in writing of the results which represent that employee's
exposure. Monitoring results representative of an employee's exposure shall be reported to the
affected employee on the TOC Employee Notification of Industrial Hygiene (IH) Monitoring Results
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Form, with results forwarded to the employee's "home" office for inclusion in the individual
employee file.

Whenever the results indicate that the representative employee exposure exceeds the PEL, the
Employee Notification of Industrial Hygiene Monitoring Results Form shall state that the PEL was

exceeded, and shall provide a description of the corrective action taken to reduce exposure to a level
below the PEL.

The TOC will provide IH monitoring results to the respective subcontractor if the exposure of TOC

or subcontractor employees to airborne contaminants is elevated. The TOC will provide a summary
of the IH monitoring results to USAEC's Safety Branch.
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9.0 Employee Training

9.1 General

All on-site project personnel shall have completed at least 40 hours of hazardous waste
operations-related training and 24 hour of supervised on the job training for RCRA regulated
treatment, storage or disposal (TSD) facilities, as required by OSHA Regulation 29 CFR 1910.120
(0). Those personnel who completed the 40-hour training more than 12 months prior to the start
of the project shall have completed an 8-hour refresher course within the past 12 months. The
Project Engineer shall have completed an additional 8 hours of supervisory H&S training. At
least one person on site shall have a current first-aid/CPR certificate. Subcontractor personnel
must meet the above training requirements.

Each employee who completes the required 40 hours of classroom training shall have a certificate
signed by the instructor. All contractors must provide certificates of training for the project file
for all employees assigned to the project.

Visitors shall be escorted at all times while on site regardless of training.

9.1.1 Daily Safety Meetings

Prior to the start of the project, all personnel will participate in a daily safety meeting. During
the safety meeting, the Site H&S Representative will ensure that the anticipated site hazards are
summarized and explained to all personnel, and that those personnel are aware of the precautions
they must take to minimize their exposure to those hazards. Safety meetings will be held at the
start of each work shift. All new employees must attend the meeting and be familiar with this
H&S Plan.

Attendance records and meeting notes are maintained with the TOC project files.

9.1.2 Material Safety Data Sheets

Material Safety Data Sheets (MSDSs) and occupational health guidelines for chemical substances
known to be on site are included in Appendix G. The H&S Plan is to be maintained on site and
is accessible to all site employees. Each employee is required to review and sign the H&S Plan
before starting work on the site.
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9.1.3 Site-Specific Health and Safety Plan

The Final H&S Plan for this project shall be prepared to conform with the requirements of 29
CFR 1910.120. The Project Engineer shall present the H&S Plan and discuss it with all personnel
assigned to the project. All workers and visitors must read and sign the H&S Plan acknowledging
acceptance of site rules and understanding of site hazards before the start of the site work.

9.2 Site-Specific Training

All on-site personnel, except authorized visitors, must undergo site-specific training through
completion of host facility orientation and training, confined space awareness, lockout/tagout
training, and a review of this H&S Plan and the daily safety meetings.

9.3 First Aid and Cardiopulmonary Resuscitation
At least one employee current in first aid/CPR will be assigned to the work crew and will be on

the site whenever operations are ongoing. Annual refresher training in CPR is required to
maintain the currency of the certificate.

2
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10.0 Medical Surveillance

10.1 Medical Examination

All on-site project personnel shall have completed a comprehensive medical examination within
the past 12 months that meets the requirements of OSHA Regulation 29 CFR 1910.120. The
annual medical examination should include the following elements:

Medical and occupational history questionnaire

Physical examination

Complete blood count, with differential

Liver enzyme profile

Chest X-ray, once every three years, for non-asbestos workers

Pulmonary function test

Audiogram

Electrocardiogram for persons older than 35 years of age, or if indicated during
the physical examination

Drug screening

Visual acuity

Follow-up examinations, at the discretion of the examining physician or the
corporate medical director.

All employee medical records shall be maintained by the H&S group at each contractor's office.
The examining physician provides the employee with a letter summarizing his findings and
recommendations. Each employee also has the right to inspect and copy his medical records.

The examining physicfan provides the employer with a letter confirming the worker's fitness for
work and ability to wear a respirator. A copy of this letter for all project workers will be kept
on Site during all project site work.

Each contractor shall certify that its employees have successfully completed a physical
examination by a qualified physician and the physical examinations meet the requirements of 29
CFR 1910.120, 29 CFR 1910.134. Each contractor shall supply copies of the medical
examination certificate for each on-site employee.

10.1.1 Placement Examination

All employees will receive a placement medical examination prior to assignment to field
operations.
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10.1.2 Annual Examination

Each year, subsequent to the placement examination, all site personnel including the TOC and
subcontractor staff must undergo an annual examination, similar in scope to the placement
examination.

10.2 First-Aid and Medical Treatment

All persons on site must report any near-miss incident, accident, injury, or illness to their
immediate supervisor and the Project Engineer. First aid will be provided by the designated site
first aider.

For TOC personnel, injuries and ilinesses requiring medical treatment will be accompanied by an
" Authorization for Treatment Form." The employee's supervisor or the Project Engineer will
complete the "Supervisor's Employee Injury Report" and conduct an accident investigation as
soon as emergency conditions no longer exist and first-aid and/or medical treatment has been
ensured. The investigation should follow the Accident/Injury Investigation Report. These two
reports must be completed and submitted to the Health & Safety Manager within 24 hours after
the incident.

Subcontractor personnel will follow existing host facility protocols for internal notifications.

A first aid kit will be kept within the test facility in the case that first-aid treatment is required.
If treatment beyond first aid is required, the injured should be transported to the medical facility
designated in Section 1.2. If the injured is not ambulatory, or shows any sign of not being in a
comfortable and stable condition for transport, then an ambulance/paramedics should be
summoned. If there is any doubt as to the injured worker's condition, it is best to let the local
paramedic or ambulance service examine and transport the worker.

10.3 Medical Restriction

When a medical care provider identifies a need to restrict work activity for any TOC or
subcontractor personnel, the employee's H&S Manager will communicate the restriction to the
employee and their supervisor. The terms of the restriction will be discussed with the employee
and their supervisor. Every attempt will be made-to keep the employee working, while not
violating the terms of the medical restriction.
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10.4 Medical Records

Medical and personal exposure monitoring records will be maintained according to the
requirements of 29 CFR 1910.20, and shall be kept for 30 years post-employment. Employee

confidentiality shall be maintained. Employees and their authorized representatives shall have
access to these records.

»
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11.0 Emergency Procedures

This H&S Plan has been developed to ensure that the red water pilot-scale treatment plant test
demonstrations may be conducted without adverse impact to the Health & Safety of project

personnel, other personnel, and the environment. Supplementary procedures are included in this
section to address extraordinary conditions that might occur at the site.

11.1 General

The TOC's On-site H&S Representative, in coordination with the facility's Director of Safety,
will establish evacuation routes and assembly areas. All personnel entering the project site will
be informed of these routes and assembly areas. If the evacuation routes are not clear, a site plan
will be made marking the evacuation routes and will be posted at conspicuous locations.

[specific procedures for the project site to be inserted]
11.2 Emergency Procedures

If an incident occurs, the following procedures will be followed and performed by the host
facility's Project Engineer and the TOC's Project Engineer:

[ Evaluate the incident and assess the need for assistance
e Call for outside assistance as needed
[ Act as liaison between outside agencies and on-site personnel

- @ Ensure the host facility's Director of Safety, the TOC's Project Manager, and the
USAEC are notified promptly of the incident

® Take appropriate measures to stabilize the incident scene.

A list of emergency contacts is presented in Section 11.5.
11.3 Safety Signals

[specific safety signals for the project site to be in§érted]

322243/Drafi-Final Red Water H&SP/10-95/In 11-1




11.4 Medical Emergency

All employee injuries must be promptly reported to the host facility's Project Engineer and the
TOC's Project Engineer, who will:

L Ensure that the injured employee receives prompt first aid and medical attention

® Ensure that the host facility's Director of Safety, the TOC's Project Manager and
General Manager, and the USAEC are promptly notified of the incident

o Initiate an investigation of the incident.

11.4.1 Chemical Inhalation

Any employee complaining of symptoms of chemical overexposure will be removed from the
work area and transported to the designated medical facility for examination and treatment. It is
highly unlikely that the chemicals anticipated as being on the work site, in the concentrations
anticipated, would cause situations immediately dangerous to life and health.

11.4.2 Eye Contact

Project personnel who have had contaminants splashed in their eyes or who have experienced eye
irritation while in the pilot plant work area, shall immediately proceed to the eyewash station
positioned within the work zone. Flush the eye with clean running water for at least 15 minutes.
Arrange prompt transport to the designated medical facility.

11.4.3 Skin Contact

Project personnel who have had skin contact with contaminants will proceed to the wash-up area.
Personnel] will remove any contaminated clothing and then wash the affected area with water for
at least 15 minutes. The worker should be transported to the medical facility listed in Section
11.5.1, if they show any sign of skin reddening, irritation, or if they request a medical
examination.

11.4.4 Personal Injury Accident

In the event of a personal injury accident, the site supervisor will assess the nature and seriousness
of the injury. In the case of serious or life-threatening injuries, normal decontamination
procedures may be substituted with covering the injurqd party with plastic sheeting to reduce the
spread of contamination and informing necessary héspital staff. Less serious injuries such as
strains, sprains, minor cuts, and contusions may only be treated after the employee has been
decontaminated.
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Following decontamination, a project team member qualified in first aid and CPR will administer
suitable first aid. The site H&S Representative will then, if necessary, arrange transport to the
appropriate medical facility.

11.5 Emergency Contacts

[site specific procedures to be presented here]

11.5.1 Emergency Facilities

[site specific information (e.g., Fire, Ambulance, Police, and Hospital) to be presented here]
11.5.2 Key Host Facility, TOC, and Subcontractor Personnel

[project specific information to be presented here]

11.5.3 Reporting Requirements

All accidents and incidents no matter how minor must be reported to the host facility's Director
of Safety, the TOC's Project Manager, and to the USAEC. The TOC's Project Manager must
notify, by telephone, the USAEC in the event of accidents resulting in a fatality, lost-time injury
or illness, hospitalization of three or more personnel, or property damage to government or
contractor property (which occurred during the performance of the contract) equal to or exceeding
$2000 as soon as possible, but no later than 2 hours after occurrence, and must report these events
on DA Form 285 within 5 days of occurrence. The TOC's Project Manager must report all other
accidents/incidents by telephone to USAEC, SFIM-AEC-TTS, (410) 6814811, within 8 hours
of occurrence.
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APPENDIX A

SITE SAFETY AND HEALTH PLAN AMENDMENTS
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|
i I Site Safety and Health Plan Amendment #
' Site Name:
w Date: Type of Amendment:
L
; Reason for Amendment:
\
i
i
L
\
| ' Alternate Safeguard Procedures:

' Required Changes in PPE:

' TOC Project Engineer/Date TOC Safety & Health Manager/Date
‘ Host Facility Project Engineer/Date Host Facility Director of Safety/Date
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APPENDIX B

HAZARD ANALYSIS OF TNT RED WATER
WET AIR OXIDATION
(Hercules, Inc. 1991)
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WARRANTY

"HERCULES warrants that it has performed the analysis
required by the statement of work in a safe and competent
manner and in accordance wilth the standards employed by
HERCULES in performing the same or similar analysis for
itself. ANY OTHER PROVISIONS OF THIS AGREEMENT TO THE
CONTRARY NOT WITHSTANDING, THIS WARRANTY IS IN LIEU OF ALL
OTHER WARRANTIES EXPRESS OR IMPLIED, WHETHER ARISING BY
LAW, CUSTOM OR CONDUCT INCLUDING WITHOUT LIMITATION, THOSE
OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE,
THAT ACCIDENTS OR HAZARDS OF ANY KIND WHATSOEVER WILL BE
ELIMINATED, THAT ANY PARTICULAR STANDARD OR CRITERION OF
HAZARD OR ACCIDENT ELIMINATION OF ANY KIND WHATSOEVER WILL
BE ACHIEVED OR THAT ANY PARTICULAR OR ANTICIPATED RESULTS
OF ANY KIND WHATSOEVER WILL BE ACHIEVED BY OWNER'S USE OR
APPLICATION OF ANY OF THE INFORMATION, ADVICE, RECOMMEN-
DATIONS OR SERVICES PROVIDED IN WHOLE OR IN PART BY
HERCULES. ALL SAID INFORMATION, ADVICE, RECOMMENDATIONS OR
SERVICES ARE FOR THE SOLE USE OF OWNER AND ARE USED AT
OWNER'S RISK. THE RIGHTS AND REMEDIES PROVIDED HEREIN ARE
EXCLUSIVE AND IN LIEU OF ANY OTHER RIGHTS OR REMEDIES
WHETHER ARISING BY LAW, CUSTOM OR CONDUCT.™

CAUTION

Conclusions presented in this hazards analysis report
are based upon the hardware (or design), materials of con~
struction, operating conditions, process materials and pro-
cedures as they existed at the time of the analysis (or as
they were presented to Hercules for amnalysis). If changes
in any of these parameters occur in the future, the con-
clusions of the current hazard analysis may be invalidated.




I. SUMMARY

A hazard review of the bench-scale system for studying TNT Red Water
Treatment by Wet Air Oxidation has been completed. This system is comprised
of a 2-Liter Stirred Parr Reactor, Oxygen Suppiy system, Sample Injection
system, and Liquid Sampling system. The hazard review considered two modes
of operation of the process: 1) Batch Mode, and 2) Injection Mode.

It is concluded that the system as designed can be used safely.
Findings and recommendations for maximizing safety are summarized below.

l.

10.

Procedures for using the system in each of the two modes should be
reduced to formal written procedures, which should be followed to
minimize the chance of operational errors.

During experimental rums, a warning sign that high pressure/high
temperature operations are in progress should be posted at the
laboratory entrances. Access of transients should be controlled
to reduce personnel to the minimum consistent with conduct of the
experiment.

Each source of red water should be analyzed prior to use to
confirm its characteristics are within normal tolerances of the
red water studied previously, and upon which this analysis and
conclusions are based. Red water of significantly different
characteristiecs should not be used until and unless a specific
evaluation confirms they can be safely processed.

Minimum dilution for red water with characteristics representative
of RAAP Red Water should be 10:1. A more conservative 20:1
dilution should be used for the higher solids red water obtained
from ICI Canada until and unless it is established its heating
value is no higher than RAAP red water. (It may be possible to
relax the dilution ratio once better reaction pathway and kinetic
data are available).

If the process is scaled-up to pilot or production scale, it would
be prudent to install the reactor within a reinforced concrete bay.

Present practice of 1limiting liquid charge to 50%Z of reactor
volume 1is adequate for operating temperatures of 340 deg-C or less.

Any future modifications must consider compatibility of the
structural material with oxygen at the operating conditions of the
process.

A face shield should be minimum requirements to protect the eyes
and face in the event of a leak or rupture disc operation on the
unit. Additional protection (e.g., gloves, lab apron) are minimal
requirements during liquid sampling while the reactor is under
pressure.

Consideration should be given to installing a screen cage around
the reactor to preclude inadvertent contact with hot surfaces.

Any precipitate or accumulation on reactor surfaces should be
regarded as potentially explosive until established otherwise, and
should be handled in a dilute state. :

1




II. INTRODUCTION

A. BACKGROUND

In the nitration of toluene to produce 2,4,6-trinitrotoluene (sym-TNT)
other unsymmetric isomers of TNT as well as secondary oxidation products are
formed. Purification of the sym~TNT involves reacting the nitration
products with sodium sulfite (Sellite). This solubilizes the isomers as
DNT-sulfonates, permitting their separation from the desired sym-TNT
product. The resulting wastewater develops a characteristic red color,
hence it is known as TNT Red Water or simply as Red Water. Red water can no
longer be discharged directly to the environment. Means of treating red
water to make it "safe" for discharge are being sought.

The Department of Civil Engineering at the University of Maryland is
under contract to the US Army Construction Engineering Research Laboratory
(CERL) to study the feasibility of using wet air oxidation (WAO) to treat
INT red water, and has issued a Feasibility Study Report (Ref 1). Inasmuch
as the WAO process involves elevated temperatures and pressures (300-350
deg—C and 2000 psi typical) and red water contains energetic compounds (e.
g., nitrobodies), CERL concluded it was desirable to have an ind ependent
hazard review of the WAO bench scale process performed. CFRL issued a
contract (DACA88-91-M-0365) to Hercules' Hazard Evaluation and Risk Control
Services (HERC®) for the same. This report documents the hazard analysis
performed under that contract.

B. STATEMENT OF WORK

The statement of work of the subject contract consists of four tasks as
follows:

Task 1 Site Visit at University of Maryland

Task 2 Evaluation of thermal explosion scenarios

Task 3 Evaluation of equipment contamination scenarios
Task 4 Written report

C. BASIS OF ANALYSIS

The hazard review was based on observation of the system and
information gained in discussions with the research team during the site
visit, data contained in the Feasibility Report (Ref 1), reactor vendor
information, and other data and knowledge from the analyst's prior
expefience and technical resources in the HERC department.

The work scope did not include: 1) OSHA regulations compliance, 2)
evaluation of fire protection systems, or 3) operations associated with

storage, handling, analysis, or disposal of the untreated or treated red
water.




III. DISCUSSION

The site visit to the University of Maryland was made on April 16,
1931. The WAO system was observed and technical discussions were held with
members of the research team. In addition to the author, participants in
this visit included Dr. Oliver J. Hao (Principal Investigator), K. K. Phull
(Graduate Student), and Dr. Steven W. Maloney (CERL Project Officer).

A. OPERATION OF THE WAO BENCH SCALE PROCESS

The heart of the bench-scale system is a 2-Iiter Parr Stirred Reactor.
This is a packaged unit supplied by Parr Instrument Company. It consists of
a Model 4522 reactor with Model 4842 controller. The reactor features a
magnetic drive stirrer and serpentine cooling coil. Material of
construction is T316SS. For routine operation, the unit is rated for 1900
psig at 350 deg-C. The reactor is protected with a 0.25-inch rupture disc
designed to rupture at 3000 psig. The controller features a
high-temperature cut—out which shuts down the heater and activates the
cooling water system. For purposes of analysis it is presumed the reactor
design and fabrication is consistent with the stated operating limits (i.
e., a structural analysis to confirm design adequacy was not it scope).

Previous experimental runs have been conducted in what, for brevity,
will be referred to as the Batch Mode. It is also contemplated to run
studies in what will be referred to as the Injection Mode, to elucidate
reaction kinetics. These two modes are characterized as follows:

1. Batch Mode
Diluted red water 1is added to the reactor at ambient
conditions
Reactor is charged with oxygen
Reactor is heated to operating temperature (with associated
pressure)
Reactor is held at operating conditions (typically one hour)
Reactor 1s cooled—down using internmal cooling coil
Sample of treated red water is taken for analysis

2. Injection Mode
Dilution water only is added to reactor at ambient conditions
Reactor is charged with oxygen
Reactor is heated to operating temperature
Red water is injected into reactor
Periodic liquid samples are removed for analysis
Reactor is cooled—-down at completion of experiment

The system for adding the red water charge is based on "blowing"
in the charge with helium pressure, followed by a rinse water charge.
There is little concern with this system as long as: 1) it is 1leak
tight, 2) the helium pressure is slightly above reactor pressure (to
prevent backflow -— there is also a check valve), and 3) the valves are
properly manipulated. The addition procedure should be reduced to a
set of formal written instructions.
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Taking samples for amalysis will involve periodic making and
breaking of connections to the sample line, increasing the chances of a
leaking connection occurring. - Personnel should be protected (gloves,
face shield, and lab apron minimum) and sampling procedures should be
reduced to a formal set of instructions. The main concern 1is that the
reactor is valved off from the sampling system prior to disconnecting
the sample container.

B. HAZARD SCENARIOS

Several potential hazards in addition to those specifically identified
in Tasks 2 and 3 in the SOW were identified. They are included in this
report for completeness. Identified potential hazards of the Wet Air
Oxidation process of treating red water, as practiced at the bench scale,
include the following: 1) Oxygen Incompatibility, 2) Hot Surfaces, 3) Hot
Spray, 4) Liquid Expansion, 5) Pressurized Gas/Vapor, 6) Thermal Explosion,
and 7) Contaminated Surface hazards. Each of these is discussed below.

1. Oxygen Compatibility

As would be expected, pure oxygen is a potent oxidizing agent,
particularly at elevated pressures and/or temperatures. All elements of the
oxygen supply system must be compatible with oxygen use to preclude the
possibility of an incident. Representatives of the research team have
indicated that this potential hazard was considered in the selection of
components for the oxygen system. Within the reactor, the initial oxygen
charge 1s estimated to be at most on the order of several hundred psi, based
on previous test conditions. Oxygen partial pressure will about double
during reactor heat-up; at the same time the vaporization of water will
reduce the oxygen concentration in the ullage of the reactor. The reported
flash point of Teflon 1is 400 deg-C or greater at oxygen pressures of 1000
psi or less (Ref 2). Thus there does not appear to be a credible
compatibility problem with the reactor gasket.

2. Hot Surfaces

The reactor is operated at elevated temperatures (225-340 deg—C).
Surfaces of the reactor heater and the head of the reactor are potential
burn hazards to personnel during heat-up, operation, and cool-down. Contact
with these surfaces should be avoided, or proper protective equipment should
be used if it is necessary to handle components above 120 deg-F. The
research team may want to consider fabricating a screen cage to surround the
unit to prevent inadvertent contact with it, while at the same time allowing
normal air circulation. Racling-type gloves may provide greater dexterity
than "standard™ laboratory "asbestos™ gloves for handling equipment at
moderately elevated temperatures.




3. Hot Spray

The reactor is operated at elevated temperature and pressure. Any leak
in the reactor/piping fittings or operation of the rupture disc would result
in a spray of hot flashing liquid which could contact and injure any
personnel present. The reactor should be leak checked at operating pressure
prior to each use. Strict adherence to the operating temperature 1limit
should be followed. Gaskets will soften/melt if temperature limits are
exceeded. A shield has been installed to deflect spray from the relief
stream in the event of disc rupture. Use of a face shield is recommended
for any personnel present when the system is pressurized. This hazard is
considered more likely in the Injection Mode, which requires periodic making
and breaking of connections.

4., Liquid Expansion

The predominant constituent of the reactor charge 1s water. Water has
a particularly large liquid volume expansion upon heating. If the reactor
is overcharged, the 1liquid volume could increase until 1t occupied the
entire reactor volume. Any additional heating would then result in
overpressurizing the reactor and operation of the rupture disc. The
expansion ratio from ambient (25 deg-C) to the temperature limit of the
reactor (350 deg—C) is 2:1. Therefore, the reactor should never be filled
over half full with liquid at ambient temperature. If operations very close
to the 350 deg—C limit are contemplated it would be prudent to reduce the
charge to 40% maximum to allow for some overshoot in the temperature control.

5. Pressurized Gas/Vapor

Gas/vapor under pressure represents stored energy. If the pressure
containment fails this energy is released as the pressurized gas expands.
The energy stored is calculated from:

P = pressure
E=P *YVY V = volume
k-1 k = specific heat
ratio

For the WAO system, k for water vapor is about 1.3 at operating temperature
and k for oxygen is about 1.35. From a energy point of view the worst case
is assuming all water vapor. For a pressure of 2000 psi and a vapor volume
of 1 L, the stored energy 1s on the order of 34,000 ft-1b, which is the
energy equivalent of 10 gms TNT detonating. Stored energy is directly
related to vapor volume. If and when the process is scaled-up to pilot or
production scale it would be prudent to consider installing the reactors in
hardened facilities.




6. Thermal Explosion

Potential hazards in this category relate to an explosive/detonation
type reaction of the energetic constituents in the reactor, or thermal
runaway oxlidation reactions. Raw red water has a reported solids heating
value of 3200 Btu/lb (1780 cal/gm) and a solids content of 15% (Ref 1, Table
4). Nitrobodies represent about 55% of the solids (8.25Z of the raw red
water).

It is unlikely that raw red water could tramsit to or propagate a
detonation reaction given the level of nitrobodies present. The potential
for such a reaction in diluted red water is considered non-credible.

The heat of combustion of raw red water is on the order of 480 Btu/lb
(3200 Btu/lb-solids X 15% solids). “Instantaneous" oxidation of raw red
water, 1if it occurred, would be a hazard, as the concomitant
temperature/pressure excursion assuming typical operating conditions (1000
ml initial charge, 2000-2100 psig, and 320-340 deg-C) would 1lead to
exceeding the pressure/temperature limits of the reactor, and activation of
the reactor rupture disc with release of flashing high temperature spray. A
“"runaway"” reaction is probably unlikely; in the absence of chemical reaction
pathway and kinetic data, however evaluation of the 1likelihood or
credibility of a runaway 1is not possible. Therefore, it is recommended that
oxidation of undiluted red water not be undertaken until more is known about
the reaction pathways and kinetics, and unless evaluation based on that
information demonstrates it can be done safely.

Diluting red water reduces the total theoretically available energy
input to the system for the same total reactor charge. Modelling studies
and mass/energy calculations indicate that a dilution of 10:1 should be
sufficient to preclude overpressurization in the event of a runaway
reaction. For typical operating conditions, a temperature excursion of 30
deg-F and pressure excursion of 450 psig is predicted. Maximum pressure and
temperature under these conditions is within the reactor design envelope and
design safety margins. Calculational details are provided in Appendix A.
If red water of significantly different solids content or heating value is
used, the dilution ratio may have to be adjusted accordingly. A minimum of
20:1 dilution is suggested to provide additional safety margin for unknowns
in the variability of these parameters among red water from varlous sources.

7. Contaminated Surfaces

If red water is allowed to evaporate (e. g., a spill onto the hot
reactor), the concentrated solids must be considered as explosive and
susceptible to initiation by dimpact, friction, heat, or electrostatic
discharge. Any such spills should be cleaned up using wet methods and not
be allowed to dry out.

Another possibility arises if the reactor is operated under conditionms
which do not achieve good destruction of nitrobodies, or if red waters from
other sources contain other energetic species not susceptible to oxidation
or which behave differently in the process. As long as these "unknowns" are




not concentrated there is probably no danger. If, however, some unknown
should precipitate or accumulate on reactor surfaces, it should be
considered potentially dangerous. It should be kept well diluted until
identified. Any measures taken to clean reactor surfaces shonld be done
under water or other suitable solvent.
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APPENDTX A
Volume: vEXL + vgxG = V ' Ean (1)
Energy: hf L + hg*xG = E Egn (2)
Mass: L + G = M Ean (3)
where: vEf = specific volume of liquid water, ft3/lb
veg = specific volume of water vapor, +3/1b
hf = enthalpy of liguid water, Btu/lb
hg = enthalpy of water vapor. Etuw/lb
L = mass of liquid water, 1lb
3G = mass of wat oo, I
V = valume of £42
E = enerzyv of ths zyvsien, Btu
M = total masz of svstem, 1b

Assume the following 1n1t1al conditic

vV = 2 Liters = .070¢ f£t3
L = 1 kg = 2.204 1b
T = 625 deg-F

From steam tables, vf

o

o

TiE

From Egqn (1) calculate

Then from Eqn (2) calculate E = 1526.8, and from Egn (3) M=2.278 1b

Take the case of red water diluted 10:1. The heating value is 48 Btu/1b.
There are 2.278 lbs of water in the system, or a total heat load of 109.3 B,
If "instantanecus” adiabatic oxidation occurs. the new system energy is:

E = 1826.8 + 102.3 = 1836.1

t3

Tu

To detarmine the resultant system temperature and pressure, a trial and error
solution on  temperature is used. Assume a new temperature, read the specific
volume and energies from the steam table and calculate L and G, using Egns (1)
and (2). Then check the value of M using Eqn (3). The correct temperature is
that for which the value of M is conserved.

A spreadsheet for doing the trial and error calculations is showm on the next
page. The resultant temperature for a 10:1 dilution is about 655 deg-F, with a
corresponding water vapor pressure of about 22380 psi.
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*TO 625 deg-F ¥V0 0.0766 £t3 DILUTION 16 @ 1

EQ 1527 Btu *LQ 2.204C 1b RATIO
*DE 109 Btu GO 0.0740 1b
El 1636 Btu MO 2.2780 1b
T P vf vg hf hg G L M
62 1852.4 0.0250 0.209% 654.3 1145.8 0.0488 2.4152 2.4840
630 1819.8 0.0253 (.1293 662.2 1141.0 0.0520 2.3813 2.4332
835 1889.0 0.0256 0.1894 670.4 1135.9 0.05568 2.3483 2.4019
840 2060.3 0.0260 0.1799 678.7 1130.7 0.0580 2.3141 2.3721
645 2133.5 0.0264 0.1705 637.3 1124.9 0.0809 2.280¢ 2.3418
50 2208.8 0.0288 0.1816 €96 .G 1118.7 0.0641 2.2477 z2.311¢
655 2286.4 Q.0273 0.152 705.2 1112.2 0.0681 2.2159 2.2820
650 2366.2 0.0278 0.1445 714.4 1164 .9 0.0683 2.1848 2.2529
885  2448.0 G.0282 0.1382 T24.%5  108€.8 3. 0717 2.1498 2.2218
870 2832.4 0.0290 0.128:1 734.2  1087.9 0.0798 2.122% 2.1333
B7E 2619.2 0.0297 0.1201 T&E .2 107803 Q.0702 2.0831 2.1634
680G LTi8.4 0.0R308 - 0.11:1%8 757 .2 neT. e 0.0885  2.084% 2.1327
S5E5 L8004 0,031 00,1032 TTL.L 10n4 g UL0ET7E T (04R% S NN
620 28%%.0 0.03282 0.094¢% 784.2 1038.1 0.0424  2.036%2 2.0728
855 2¢92.7 0.0345 0.0858 801.3 1020.4 6.0037 2.0371 2.0408
700 3084.1 0.0362 0.0758 823.8 995.6 -0.0858 2.0898 2.0037
.1 0.0440 0.0597 870.2 947.8 -1.02988 3.0020 1.8720G
705 3206.2 0.0541 0.0541 910.3 9106.3 ERE ERR ERE
¥ Parameter which is entered to run a particular case
TO Initial temperature
EZ System energy calculatad from iy F ooompogition
DE Energy input frem oxidation, bz dilution
21 System energy after adiabatic o

<}
[e]

actor volume .

itial liguid water content of reactor

actor water vapor content at initial eguilibrium
stem total water content
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11.0. OPERATIONS & SAFETY CONSIDERATIONS

11.1. INTRODUCTION

This section presents a description of special health and safety precautions
related to the operations and sampling of a Kenox Wet Air Oxidation system for
the treatment of red water.

11.2. REGULATIONS AND GUIDELINES

All activitities conducted during the wet air oxidation of red water must be in
compliance with applicable requirements of the following publications:

e 29 Code of Federal Regulations (CFR) 1926, Construction Industry, OSHA
Safety and Health Standards

o 29 CFR 1910, General Industry OSHA Safety and Health Standards

e 29 CFR 1910.120, OSHA Final Rule dated March 6, 1989, "Hazardous Waste
Operations and Emergency Response"

o NIOSH/OSHA/USCG/EPA, "Occupational Safety and Health Guidance
Manual for Hazardous Waste Site Activities,", October 1985

« American Conference of Government Industrial Hygienists (ACGIH),
"Threshold Limit Values and Biological Exposure Indices", 1989 - 1990, or most

current version

e U.S. Department of Health and Human Services, (DHHS) "NIOSH Sampling
and Analytical Methods," DHHS (NIOSH) Publication 84-100

o ANSI, Emergency Eyewash and Shower Equipment, Z41.1 (1983)
e ANSI, Protective Footwear, Z358.1 (1981)

e ANSI, Practice for Occupational and Educational Eye and Face Protection,
Z87.1 (1968)

o ASTM D4687, Vol. 11.04, Standard Guide for General Planning of Waste
Sampling, ASTM, Philadelphia, PA.
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11.3. EMERGENCY SHUTDOWN SYSTEM

The prime area of concern is the reaction of the excess oxygen in the reactor system
with an inadvertent introduction of an excess of oxidizable chemicals or a material
(such as a combination of copper, iron and cobalt) that could act as a catalyst and
increase the rate of reaction. The rapid oxidation would result in an increase in the
reaction temperature and a corresponding increase in pressure. However, the pressure
increase would be mitigated by the pressure control valve PCV-312 opening in
response to the pressure surge.

The system is equipped with two levels of alarm. The first alz;nn, with indication on
the CRT, warns of high temperature or high pressure in the system prior to activation
of the Emergency Shutdown System.

The second alarm on high temperature or high pressure reading in the reactor system
will trigger the Emergency Shutdown System. If the temperature sensor, TSHH-208,
on the the reactor system's outlet line senses a temperature over 500 OF (Note: this
setting can be changed) or the high pressure sensor, PSHH-313, on the reactor
system's outlet line senses a pressure over 1050 psig (resulting from a rapid pressure
rise or a malfunction of pressure control valve, PCV-312) , the WAO system will go
into automatic shutdown as follows:

1. High temperature alarm is sounded with an indication on the CRT in the control
room as to which sensor has activated the shutdown.

2. The microprocessor control unit will automatically initiate the following steps
simultaneously:

o Air to system is stopped by the closing of the emergency shutdown valve
XCV-603 located on the outlet line from the air accumulator, D-103.

o Ifthe electric heater E-102 is in use, a signal will be sent to shut down the
heater to prevent any additional heat from being introduced into the system.

o The waste water feed to the system is stopped by closing of the feed shutdown
valve XCV-601 located upstream of the high pressure feed pump, P-103.

o Service water is introduced to the system by the full opening of the valve
XCV-602 located upstream of P-103.

The operator should proceed as follows:

e Acknowledge the alarm.
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» Lower the pressure on the system to 900 psig by resetting PCV-312.
¢ Increase the flow through the high pressure pump, P-103 to 4 USGPM.
All the above steps can be done from the CRT in the control room.

If the pressure and temperature sensors fail to respond or a fault occurs in the control
system, then the pressure will be relieved via the safety relief valve PSV-317. A high
pressure alarm, PAH-316 would indicate that either the relief valve has been activated
or that the rupture disc is leaking. The relief valve will discharge to the atmosphere
via a safe location. If the relief valve is activated then the operator should immediately
implement the shutdown of the facility via pushing button HS-XXX on the panel or an
equivalent icon on the CRT. The rupture disc PSE-314 should be replaced, relief
valve settings rechecked and lines between the rupture disc and the safety valve
cleaned to remove any residual waste lodged against PSH-316 and PI-315.
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11.4. HAZARD ASSESSMENT

11.4.1 Waste Feed

Explosion Potential - Red water has a solids content of 15% and a
solids heat content of 3200 BTU/Ib. As the initial raw waste stream
will be diluted with a recycle effluent stream and a very high reactor
recycle stream prior to entering the reactor system (exceeding the 20:1
dilution factor), the effects of temperature and pressure excursions
resulting from a detonation type of reaction is negligible. Section 11.3
discusses the Emergency Shutdown System in place to handle
temperature and pressure excursions.

Contaminated Surfaces - The raw red water will be pumped to the
feed drum from the client's storage tank located outside Kenox' battery
limits. In the unlikely event that red water is spilled or leaked, it should
be cleaned using wet methods and not be allowed to dry. If it is
allowed to dry, the concentrated solids must be considered as explosive
and susceptible to initiation by impact, friction, heat or electrostatic
charge.

11.4.2 Burn Hazards

All equipment with surface temperatures over 100 deg F have been
provided with insulation for personnel protection.

11.4.3 Confined Space Entry

The WAO system shall be evaluated during detailed engineering to
determine if any spaces are permit required confined space. A permit
required confined space is a space that:

» Contains or has the potential to contain a hazardous atmosphere
o Contains a material that has a potential for engulfing an entrant
 Is configured such that an entrant could be trapped or asphyxiated
o Contains any other safety or health hazard.

A sign reading, "DANGER - PERMIT - REQUIRED CONFINED
SPACE, DO NOT ENTER" will be posted at the entrance to any
confined space.
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11.4.4 Sampling

Red water may present potential inhalation and skin contact hazards
during the sampling and sample handling activities. Appropriate
personal protective equipment should be worn (i.e. safety glasses, hand
protection, apron). Material Safety Data Sheets on some major
components of red water are presented in Section 11.4.5.
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FRODGUCT IDENTIFICATION @ EXFP 0032
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MESNUFATTURE - » ICI Carmada Inc

SDDRESS FO Bheppard Avenue East
Eox Z00 Station "A"
Morth York Ontario
Canada MZN &6H2
Telephone: 416-229-7000
Telex: 06286305
Fax: 416-229-7752
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WNoew-th York, Ontario
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TNT

. Date Issued: 91 0& 0&
MATERIAL SAFETY DATA SHEET
Index: EXF O03ZZ/91R

FOR EMERGENCIES INYOLVING CHEMICAL SFILL OR RELEASE, CALL THE ICI CANADA
TRAMSFORTATION EMERGENIY RESFONSE SYSTEM AT 1-800-541-35636.

FRODUCT IDENTIFICATION

Froduct Name: TRNT

Chemical Mame: 2,4,6-Trinitrotoluene

Synonyms: Methyltrinitrobenzene, alpha—~TNT, Nitropel. TNT (TY1l Flake)
{(Military Grade), TNT (Flake), Triton, Trinitrctolucl, Trotvl, Tolite,
Trinmnitrotoluene.

Chemical Family: High Explosives.

Molecular Formula: (NQ2)YIZICEHZ2CHE

Froduct Use: Rlasting agent. Manufacture of packaged explosives and primers
{cast explosive).
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Corntrolled Froducte Regulatione Classification: This product is an explosive

arnd is mobt regulated b SHMIS,
O8HA Hazard Communicat.... {29CFR 1210.1200) Clascificaticon: Irr. s {eyve,

skin and respiratory tract); skin sensitizer; euplosive.
CANADIAN TDE ACT SHIFFING DESCRIFTION
Shipping MName: Trinitrotocluene (or TNT)
Shipping Class/Division: 1.1D
Froduct Identification No (FIN): UNOZO9
Facking Group: 11
U8B, DOT Classification: Refer to the "Code of Federal Fegulations."

Other Fegulations: Mot available.

Fead the entire MEDE for the complete hazard evaluation of this product.

HAZARDOUS INGREDIENTE (OF FRODUCT
ACGIH

Hazardous Ingredients lwsw) TLV ‘ €AS No.
Trinitrotoluene FE-100 0.5 mg/m= 118-9&~7

FHYSICAL PROPERTIESR

C FPhyesical State: Sclid.
Appearance and Odour: Pale vellow flakes or prille; practically odourless.
Odour Threshold: Not applicable.
Boiling FRange (Deg. C): Decomposes at Z70.
Melting/Freezing Foint (Deg. C): 80.6% (pure TNT)
Vapour Fressure: 0.03% mmHg (@ 85 Deg. C).
Specific Gravity: 1.&64%5 (Crystais); 1.47 (molten) (water = 1).
Yapour Density: Not aveilable.
Buik Density: 0.94 g/cc
Evaparation Rate: Mot applicable.
Solubility: ©.013 g/100 g of water at 20 Deg. C. Sparingly soluble in
#loohols scluble in benzene, toluene and acetone.
% VMolatile by Yolume: Mol applicable.
pHe Not applicable.
Coefficient of Water/0il Distributiorn: Not available.
Sensitivity to Mechanical Impact: One of the least sensitive of the high
gxplosives. More gensitive in the liquid form tham the solid.
Fate of Burning: Not available.
Explosive Fower: 439 kJ/100 g
Sensitivity to Static Discharge: Not available.

REACTIVITY DATA

Stability:
Under Normal Conditions: Stable.
Under Fire Conditions: Flammable.
Hezardous Folymerizeation: Will neot occur.
Conditions to Avoid: Excessive heat, situations where product may be




confined., and prolonged exposure to sunliahbt.

Materiale to Avold: Strong oxidizers and reducing agents, alkalime materizls
Cowineral acids. '

zardous Decomposition or Combustion Froducts: When heated to
decomposition, it emite toxic nitrogen oxide (NOx) fumes. Its combustion
products include large amounts of black smoke and nitrogen oxide fumes
(MOx) .

FIRE AND EXFLOZION DATA

Flash Foint {(Deg. C) (Method): Not available.

Autoigrnition Temperature: Approx. 295-330 Deg. C.

Flammability Limits in Adr (%): LEL: Not applicable.
UEL: Not applicable.

Fire Extinguishing Media: See below.

Fire Fighting Procedures: DO NOT FIGHT FIRES INVOLVING EXFLDQIVE MATERIALE.
Immnediately evacuate all personnel from the area.

Other Fire or Explosion Hazards: Not applicable.

TOXICOLOGICAL AMD HEALTH DATA

Fecommended Exposure Limit: See "HAZARDOUS INGREDIENTS OF FRODUCT" Section.

-
;n
L1)

Towicoleogical Da

Trimitrotoluene LDOO ({oral,rat) = 795 mg/ka (1)

Carcinogenicity Data: The ingredient(s). of this product is (are) not
classified &s carcinogenic by ACGIH (American Conference of Governmental
Industrial Hygienists) or IARC (International Agency for Research on
Cancer), not regulated as carcinogens by 0SHA (Occupaticnal Safety and
Health Administration), and not listed as carcinogens by NTF (National
Toxicology Frogram).

reproductive Effects:s No information is available and no adverse .
reproductive effects are anticipated.

Motegendcity Data: No 1nfurmat10n ie available and no advercse mutagenlc
effects are au+lclpateo.

Teratogenicity/Fetotoxicity Data: No information is available and no adverse
teratogenic/embryotoxic effects are anticipated.

Svnergietic Materials: None known.

EFFECTS OF EXFOSURE WHEN:

- Inhaled: Froduct is irritating to the nose, throcat and respiratory tract.
May cause central nervous system (CNS) depression, liver damage, kidney
<jdmage and methemoglobinemia. See "Other Health Effects"” Section.

. In contact with the skin: This product may cause irritation due to




abrasive action. Frolonged and repested contact may lead to dermatitis.
May be sbsorbed throwgh intact skin.,  May cause skin semsitiratic o other

allergic responses. See "Other Health Effecte" Section.

. In contact with the eves: This product causes irritation, redness and
pain.  FProlonged and repeated contact may causze cataracts.

« Ingested: Ingestion of large amounte may cause nausea, gastrointestinal
upset and abdominal pain. May cause central nervous system (CNE)
depression, liver damage, kidney damage and methemoglobinemia. See "Other
Health Effects" Section.

Other Health Effects: Initial manifestation of methemoglobinemia is
cyanopeie, characterized by navy blue, almost black lips, tongue. and mucous
membirare with ekin colour being slate gray. Further manifestation is

ilzed by headache, weakness, dyvspnes, dizziness, stupor, respiratory
and death dus to anoxia.

Signe and sympltoms of kidney damage generally progress from oliguria, to
blood in the wrine, to total remal failure.

If ingested, Nitrates may be reduced to nitrites by bacteria in the
digestive t “t. 8Signs and symptoms of nitrite poisoning include cyanosis
(due to methemoglobin formation), nausea, dizziness and increased heart
rate.

CNE depression ig characterized by headache, dizziness, drowsiness, nausea,
ting and incoordination. Severe overexposures may lead to coma and

il
possgible death due to respiratory failure.

sensitization iz the process whereby a biclogical change cccure in the
individual because of previous exposure to a substance and, as a result, the
individual reacts more strongly when subsequently exposed to the substance.
Once sensitized, an individual can react to extremely low airborne levels,
even below the TLVY,. or to skin contact.

FIRET &1L PROCEDURES WHEN:

victim to freeh air. Give artificial respiration ONLY if
e stopped.  Give cardicpulmonary resuscitation (CPR) if there ic
no breatidng AMD no pulse.  Obtain medical attention IMMEDIATELY.

. In contact with the skinm: Flush skim with running water for a minimum of
20 minutes. Start flushing while removing contaminated clothing. If
irritation persistsz, repeat flushing. Obtain medical attention IMMEDIATELY.

» In contact with the eyes: Immediately flush eyes with running water for a
minimum of 20 minutes. Hold eyelids open during flushing. If irritation
persists, repeat flushing. Obtain medical attention IMMEDIATELY.

- Ingested: If victim is alert and not convulsing, rinse mouth out and give
1/2 te 1 glass of water to dilute material. DO NOT induce vomiting. If
spontaneous vomiting occurs, have victim lean forward with head down to
avoid breathing in of vomitus, rinse mouth and administer more water.

270btain medical attention IMMEDIATELY.

Emergency Medical Care: Alcohel use may cause enhanced response to effects




EHPOSUIre. Individuals deficient in glucose-b-pheosphate dehydrogenase
at greater risk., Medical conditions ths . may be agaravated by

to this product include cardiovascular blood
idrey disorders.

FREVENTATIVE MEASURES

Recommendations liseted in this section indicate the type of equipment which
will provide protection against overexposure to this product. Conditions of
use, adequacy of engineering or other contreol measures, and actual exposures
will dictate the need for specific protective devicez at vour workplace.

Engineering Controle: Local exhaust ventilation required, if the product
itEslf frand led,

abary Frotection: A NIQSH/AMSHA—approved air-purifying respirator
B with combined dust, mist, fume/organic vapour cartridges for
concentrations up to O mg/m3 TNT.  An a&ir-supplied recspirator if
concentraticonse are higher or unknown.

in Frotection: Bloves and protective clothing made from cotton should be
cErviouws under conditions of use. The use of coveralle ie recommended.

10 Satelty glasses with side shields are recommended to prevent

Other Fers

station closs to chemnical handling area.

Aandling Frocedures and Equipment: This product is an explosive and should
only be used under the supervision of an experienced blaster.

Storeae Temperature (Dea. C): See below.

Storage Reguirements: Dry, secuwre magazine that is properly grounded. Do
ol e to temperatuwres above 35 Deg. C.

: Use only with adequate ventilation and aveid breathing

. fAvodd contact with eyes, skin or clothing., Wash thoroughly
o and walter after handling. Wash contaminated clethinmg thoroughly
beTore re-use.

EMVIRONMENTAL FROTECTION DATA

Steps to be Taken in the Event of a 5pill or Leak: Stop and contain epill.
Wet spilled material and sweep up into strong plastic bags or plastic
containers. FKeep the material wet. Aveoid use of metal tools. ERe careful
Lo aveoid shock, friction and sparks. Notify applicable government authority
if release is reportable or could adversely affect the environment.

Environmental Effecte: Harmful to aquatic life at low concentrations. A
concentration of 1.5 mg/L is toxic to fish., Can be dangerous if allowed to
enter drinking water intakes. Froduct has an unaesthetic appearance and can
be & nulsance.

Deactivating Chemicals: None known.




Waste Disppsal Methods: Do not dispose of waste with normal garbage, A W
cewer systemsz Eurn under supervision of an expert at a government-aioproved
explosive burning ground or destroy, by detonation in boreholes, with
explosives in &ccordance with applicable local, provincial and federal
regulations. Call upon the services of an ICI Technical Fepresentative.

ADDITIONAL INFORMATION AND SOQOURCES USED

1. RTECS-Registry of Toxic Effects of Chemical Substances, On-line search,

Canadian Certre for Occupational Health and Safety RTECS database, Vol I-V,

19851986 edition, Doris V. Sweet, Ed., Nationzl Institute for Occupational

Safety and Health, U.5. Dept. of Health and Human Services, Cincimnnati,

1987.

cof M and Human Services, NIOSH/QOSHA Gocupational Health
i v Chemical Hazards, NIOSH, U.5. Dept. of Labour, 1978.

%, BEvplosives, K. Meyer, 2Znd Edition, 1981, Verlag Chemie.

4, M.W. May et al, J. Wat. Follut. Control Fed., 1974, Volume 46, 435497 .

S. Formula EBook Euplosives, C-I-L Inc., Explosives, Research and Technical

Department, current Editon.

&. Chemistry and Technology of Explosives, Vol. 1, T. Vrbanski, Fergamon

e g

!

Fress, 1983.

7. Windholz, Martha, Ed.. The Merck Index, 10th ed., Merck and Co. Inc.,
Rahway, New Jersey, 1783,

8. Sax, M. Irving, Dangerous Froperties of Industrial Materials, 7th ed.,

-

Yan Mostrand Feinhold Co.. New York, 1989.

The information contained herein ise offered only as a guide to the handling
of thie specific material and has been prepared in good faith by technically
knowledgeable personnel. It is not intended to be &ll-inclusive and the
manner and conditions of use and handling may involve other and additional
considerations. Mo warranty of any kind is given or implied and ICI Canada
Irc. will not be liable for any damages, losses, injuries or consequential
damages which may result from the use of or reliance on any information
contained herein. This Material Safety Data Sheet is valid for three years.

Date Issued: 91 0& Q&
Date Revised: 91 Q& 0&
MSDS Index Nao: EXFP ODIZZ/91B

Frepared By: Safety, Health and Environment (416) 229-8252
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¥X% IDENTIFICATION X%%
RECORD MNUMEBEFR 690225
DNT Mixture
Dimitrotoluene Mixture

FRODUCT IDENTIFICATION @ MEDE NUMBER: CECOOOD1Z
ar FMSDS P 199E-11-07

DATE

FANUF

ADDRESE

EMERG

CSLIFFL

ADDRE

EMERG

¥EFx MANUFACTURER INFORMATION %¥%¥%
ACTURER DuFornt Canada, Inc
Foet Office Box Z200
Streetsville
Mississauga Ontario
Canada LSM 2H3
Telephone: 800~-387-2122 (Froduct Information)
ENCY TELEFHONE NO. & &13-348-3616 (Transport. 24 HOURS)
613-348-3616 (Medical, Z4 HOURS)

A% DUFFLIER/DISTRIRUTOR INFORMATION #X%

IER/DISTRIBUTOR : buFont Canada. Inc
55 : Fost Qffice Raox 2200

Stresteville

Mississauwga Ontario

Canada LSM ZHZ

Telephone: QOO-387-Z212Z (Froduct Information)
ERNCY TELEFHOME NO. @ 613-348-3616 (Transport, 24 HOURS)

617~-T48-3616 (Medical, 24 HOURS)
k% MATERIAL SAFETY DATA *%%

DuFont Faoge 1
Material Safety Data Sheet

Dimitrotoluene Mixture

CCECOOO1Y Fevised 7-NOY-199Z Frinted Z~-FER-19%94
CHEMICAL FRODUCT/COMFANY IDENTIFICATION

Material Identification

CAS Number
Formula
CAS Name
Grade

25321-14-6
CHIC6HI(NO2) 2

Benzene, methyl dinitro
Technical

Tradenames and Synonyms

DHT Misture




Company Identification

MANUFACTURER/DISTRIBUTOR
DuFont Caneada, Inc.
F.0O. BOX 2200
STREETSVILLE
MISS5I835AUGA, ONTARIO LSM 2HZ

FHONE NOMRBERS
Froduct Information @ 1-B00-387-2122
Transport Emergency : 1-613-348-361& (24 HOURS)
Medical Emeragency : 1-613-3248-2616 (24 HOURS)

FE0STTION SRFORMATION O ITHNGREDIENTS

20y

Componentes

Material CAE Number “
2,4-Dinitrotoluene 124-14-2 7&
¥Z.,&-Dinitrotoluene H06-20-2 19
Other Mone/Di/Tri-nitrotoluene isomers o

% Regulated as & Toxic Chemical under Section 2173 of Title 111 of the

Superfund Amendments and Reauthorization Act of 19846 and 40 CFR part

HAZARDS IDENTIFICATION

Fotential Health Effects

Harmful if inhaled or absorbed throuagh skini causes
cvanneis. Symptoms may be delayed. Causes irritation.

Inhalation l-hour LCSO: Z2.87 ma/l in rate ~ Data i=

Skin absorption ALD: 1,000 mg/kg in rabbits for

Qral LDEO: 177 mg/kg in rats 2. 4-DNT
CECOOO1E DuFent Fage

Material ZSafety Data Sheet

(HAZARDS IDENTIFICATION - Continued)
Z.4-DNT is an eve and shkin irritant. Touxic effects
described in animale from short exposures include
nonepecific effecte such as reduced weight gain,
methemoglobinemia and effects on the central nervous system,
the reproductive svetem, and the bone marrow. In teste with
laboratory animals, technical grade 2,4-DNT has carcinogenic
activity. Teste for mutagenic activity in bacterial and
mammalian cell cultures have been inconclusive, with
positive results in some studies, and negative results in
others. Teste in animals demonstrate no developmental
activity. 2.4-DNT produce testicular degeneration and

FHi decreased spermatogenesis in rats, mice, and dogs.

Reduction in male fertility occurs in dominant lethal
studies in rats.

28]
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ZL,6-DNT ig & skin irritant, is not an eye irritant, and iz a
ekin sensitizer in teste with laboratory animals. Toxic
effects described in animalese from exposure include
methemoglobinemia, decreased spermatogenesis, testicular
atropy , anemia, paralysise and tremors. Teste with Z,&-DNT
in some animals demonstrte carcincgenic activity,. while
teste for mutagernic activity in bacterial and mammalian cell
cultures have beern inconclusive with positive results in
some studies, and negative results in others.

Human health effects of overexposure may initially include:
reduction of the bleood’ s oxygen carrying capacity with
cvanosis (bluish disceoloration), weakness, or shortness or
breath by methemoglobin formation: abnormal blood forming
svatem furnction with snemias; red blood cell destructiong
monspeciTic discomfort, such as nausea, headache or
waskness; temporary nervous system depression with
anascthetic effecte such as dizziness, headache, confusion,
ingopordination, and lose of consciousness; temporary lung
irritation effects with cough, discomfort, difficulty
breathing, or shortness of breath; or joint pain. All
ieomers appear to be able to significantly permeate the
skin. There are no reports of human sensitization.
Individuals with preexisting diseases of the cardicovaszcular
avetemn or bone marrow may have increases susceptibility to
the tovicity of edcessive exposures.

Carcinogenicity Information

The following components are liszted by IARC, NTF, O0BHA or ACGBIH as
carcinogens. A "FY indicates & proposed carcinogen.

Material ' IARC NTF 08HA ACGIH
Dinitrotoluene Mixture ¥
Z2,4-Dinitrotoluene X

nu Font controls the following materials as potential carcinogens:
Z2.4-Dimitrotoluene.
CECOOO1Z DuFont Fage =
Material Safety Data Sheet
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Firet Aid

In case of contact: Immediately flush eyes or skin with
plenty of water for at least 15 minutes while removing
contaminated clothing and shoes. Call & physician. Wash
clothing before reuse and destroy contaminated shoes.

1f inhaled: Remove to fresh air. If not breathing, give
artificial recpiration, preferably mouth—to-mouth. If
breathing is difficult, give oxygen. Call a physician.

I1f swallowed: Induce vomiting immediately by giving two
glasses of water and sticking finger down throat. Call a




phyeician. Mever give anyvthing by mouth to an unconscicus
[V S0 «

Mote to Fhysician: Absorption of thie product into the body
leads to the formation of methemcglobin which, in sufficient
concentration, causes cyanosis. In case of skin absorption,
symptoms may be delayed. Since reversion of methemoglobin
to hemoglobin cccurs spontaneocusly after termination of
exposure, moderate degrees of cyanosis need be treated only
by supportive measures such a= bed rest and oxygen
inhalation. Thorough cleansing of the entire contaminated
area of the body including scalp and nails is of utmost
importance. If cyanosis is severe, intravenous injection of
methylene blue, 1 mgifkg body weight, may be of value.
Cyvarnocobalamin (Vitamin B-12), 1 mg intramuscularly, will
wiead recovery. Imtravenous fluids and blood transfusions
may be indicated in very severe eXposures. '

E FIGHTING MEASURES

Flammable Froperties

Flash Foint : 173 C (342 F)
Methad s SFCC
Flammable limite in Air, % by Volume
LEL HI 4

UIEL. s %
Autaignition : ¥ C
Arutodecomposition s Z70 C (518 F)

¥Mot available

Fire and Explosion Hazards:

O8HA Class III B Combustible Material. Will burn. Fire or

high temp., above 270 C (818 F), and confined material will

cause an explosion (see also Decomposition).
CECODOLZ DuFont Fage 4

Material Safety Data Sheet
(FIRE FIGHTING MEASURES - Continued)

CExtinguishing Media

Water, Dry Chemical.

Carbon dioxide (CO2)

Fire Fighting Instructions

Evacuate personnel to a zafe area. Flood with water. Cool
tank/container with water sprav.

Do not attempt to fight large or advanced fires; material
will explode if confined and heated above 270 C. Fight
emaller firee with unmanned or remotely activated equipment.
Run-aff from fire control may cause pollution.

¥
Sy
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ACCIDENTAL RELEASE MEASURES

NOTE: FReview FIRE FIGHTING MEASURES and HANDLING (FERSUONNEL)
sgctions before proceeding with clean—up. Use appropriate
FERSONAL FROTECTIVE EQUIFPMENT during clean—up.

fAocidental Release Measures

uate area — admission should be limited to trained
personnel wearing full protective eguipment.  1If molten,
: up with sand or other non-—-combustible absorbant
W ot fresze. Flace solid materis] in & covered
1 drum for disepeosal. Use non—sparking tools. Comply
with Federal, State, and local regulationz on reporting

re]l eases.

HANDLIMNG AND STORAGE

Hanmdling (Ferzonnel)
Do not breathe vapor or mist. Do not breathe dust. Do not get on
ebkin. Do not get on clothing. Do not get in eyves. Wash
thoroughly sfter handling.
Usze aonly with adequate ventilation.

Storage

Store in & well ventilated place.

Veep away from heat, sparks, and flame. kKeep drums upright
arnd tiohtly closed.

CECODD L DuFont F
Material Safety Date SYheet
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EXFOQLURE CONTROLS/FERSOMAL PROTECTION

Engineering Caontrols

Hee in & totally closed svystem. Ventilation ehould be
provided to keep concentration below the exposure limits.

FPersonal Frotective Egquipment

Eve/Face

Coverall chemical splash goggles.
Safety glasses (side shields);:
full-length face shield.

Air supplied respirator. Suitable
respiratory protection & chem. proof
suit w/hood.

Butyl rubber apron and footwear

Respirator

Additional




Frotective Gloves: Neoprene or butyl gauntlet— lined if
handling hot material.

Evposure Guidelines

Evposure Limits
Dinitrotoluene Mixture
FEL { ASHAY

TLW (ACGIH)
AEL ¥ {(Du Font)

1.5 mg/m=, 8 Hr. TWA, Skin
0.15% mg/mZ, 8 Hr. TWA, AZ, Skin
None Established

ftther Applicable Exposure Limits

Zod-Dirndtrotolusns
FEL. {IS5HA)
TV {ACGIH)

1.8 mo/s/m3, & Hr. TWA, Skin

1.5% mg/m3, €. Hr. TWA, Skin

Notice of Intended Changes (1993-1994)
0.1% mg/mZ, 8 Hr. TWA, A2, Skin

0.15 mg/m%, 8 & 12 Hr. TWA, Skin

<8% 2,6-DNT

we  aw

AEL ¥ {Du FPont)

G-Dindtrotoluene
{OsHA)
(ACGEIHY

¥ (Du Font)

1.5 mg/m3, B8 Hr. ThWa, Skin
0.15 mg/mZ, 8 Hr. TWA, AZ, Gkin
None Established

ex w3 s

ie bu Font’'s Acceptable Exposure Limit. Where
“rimentally imposed occupationsl exposure limits which are

' lower than the &EL are in effect, such limits shall take

prececdsnce.

CECOODLE DuFont Fage &
Material Safety Data Sheet '

5L AND CHEMICAL PROFERTIES

Fhysical Data

_=1 mmsHg @ 100 € (212 F)
6H.Z (AL = 1)

%1 0

w1 WT%L

@ Z2 C (72 F)

Distinctive Nitro Aromat.
Splid/Molten

Medium Yellow

1.32 @ &{7C

Vapor Fressuwre
Vapor Density
Evaporation Rate
Solubility in Water

=g ex ws

CQdar
Form
Colar
Specific Grawvity

pH Information: Not available

Appearance: Crystalline/Clear 0il

EBoiling Foint, 760 mmHg:Starts decomposing at 250 C (482 F)
Freezing Foint: 56 € (133 F) dry basis

STARILITY AND REACTIVITY




Incompatit " fity with QOther Materials

Incompatible with strong oxidizers and caustice.
Folymerization
Folvmerization will mot occur.

Other Hazards

Ins
Con

tability: Unstable above 250 C (4287 F), Will explode if
fined and heated above 270 C (8518 Fi.

wgen (Ozide (Mox)

May release hazardous Nitr
1 zition than

Sl io DT 1e more sensitive to o
tiguid DHT. Contamination by foreion ma + Bespecially
gritty substances, may considerably lower decomposition
tenmperature and incresse the sensitivity of DHT to
decomposition and explosion.

ICOLOGICAL INFORMATIOAN

DuFont Fage 7
Materiael Safety Data Sheet

ECOLOGICAL INFORMATION

Ecotaorvicalogical Information
Aguatic Toxicity
The product is moderately toxic (fé&-hr LCHD = | -~ S0 mgrl).

CONSIDERATIGNG

Waste Disposal

Comply with Federal, State, and local reqgulations. If
approved, may be incinerated using special techniques, or
removed to hazardous material landfill licensed for
carcinogenic materials.

TRANSFORTATION INFORMATION

Shipping Information

DaT
Froper Shipping MName : Dinitrotoluene, Sclid; Dinitrotoluene,
Molten

Hazard Class ORM-E




I.D. No.o (URNSNAD

o

alid = ZO0IZ8:; Molten = 1&00

DOT/IMO ‘

Froper Shipping Name : Dinpitrotoluenes, Solid: Dinitrotoluenes,
' Molten

Hazard Class Foison B, é.1

UN No. : Solid = 2038; Molten = 14600

e

DOT/IMO Label : Foison

Gpecial Information : Flash Peoint: 173 C
Facking Group : II

Feportable GQuarntity : 1000 1hb

Shipping Containers
Frare, Totrucks, steel drums

Shipping Information —— Canada

ToG
Froper Shipping Name : DINITROTOLUENE SOLID
FIN No. = UN 20338
THE Class o HJd (R.2
TDG Fackinmg Group : 11
CECOOOLZE DufFont Fage g

Material Safety Data Sheet

INFORMATION

U.%. Federal Regulations
TSCA Inventory Status : Repofted/Included.
Canadian Regulations
TILASE D Divieion 1 Subdivision B - Toxic Material/fcute Lethality.

CLASS D Division 2 Subdivision A — Very Toxic Material.
Carcinogen, Reproduactive Toxin.

D Division Z Subdivieion B - Toxic Materisl. Skin or Eye
Trritant, 9kin Sen=gitizer. ‘ ’

NFFA, RFCA-HMIG

NFCA-HMIES Rating

Health s 2
Flammability : 1
FReactivity : 1

Fersonal Frotection rating to be supplied by user depending on use
conditions.




Additional Information

For further information, see "Dinitrotoluene Mixtare"
Data Sheet.

Title 111 Classifications:

fqcute Health - Yes
Chronic Health — Yes
Fire Hazard - Mo
Reactivity . = Yes
Fressure - Yes

The deata in thiz Material Safety Data Sheet relates only to the
specific material designated berein and deoes not relste to use in
combirnaticrn with any other material or in any process.

CHEMICALS & FIGHMENTS
MISSISSAUGA, ONTARIO
416-821-Z300

Fesponzibility for MEDG
Address
Telephone

# Indicates updated section.

Ernd of MEDE

b

D
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$%% IDENTIFICATION Xi%

L£F1088

Sodium Nitrite Sclution
MBD5 NUMEBER: CECCOGOQ121
1993-10-28

MSDS RECORD NUMBRER
FRODUCT NAME(S)
FRODUCT IDENTIFICATION
DATE OF ME8DS

ne Wk mx  xa

$¥¥ MANMUFACTURER INFORMATION ¥%%

s DuFont Canada, Inc

r Fost Office Box 2200

Streetsville

Mississauga Ontario

Carnada LSM 2HZ

Telephone: 800-387-2122Z (Froduct Information)
61T-Z48-3616 (Transport, 24 HOURS)
H1T-348~-3416 (Medical. 24 HOURE)

HTEISIRISS
SOUDRESD

EMERGENCY TELEFHONE NO.

¥¥¥ SUFFLIER/DISTRIBUTOR INFORMATION ¥i¥

DuFont Canada, Inc
Foet Office Box 2200
Strectevillie

SUFFLIER/DISTRIBUTOR
ADDRESS

[T 1)

Canada LEM 2HE

Telephones S00-387-212% {Froduct Information)
EMERGENCY TELEFHOME NO. @ 613-348-3616 (Transport, 24 HOURS)

613-348-3616 (Medical, 24 HOURE)

Xx¥ MATERIAL SAFETY DATA XXX

DuFornt Faoe 1
Material Safety Data Sheet

Sodium Nitrite Solution
CECOO1%1 Feviced ZE-0OCT-1993 Frinted 3-FEBR-19%4

Material Identification

DLIDOZ280O7

NaNO2 (in water)

NITROUS ACID, SODIUM SALT
TECHNICAL: OXIDIZING SALT SOLUTION

Corporate MSDE Number
Formula

CAS Name

Grade

s Az W e

Company Identification

MANUFACTURER/DISTRIBUTOR
DuFont Camada, Inc.

l Mississauga Ontario




FLO. BOX 2200
ETREETEVILLE
MISSISSALGA, ONTARIO LSM 2HZ

FHONE NUMBERS
Froduct Information
Transport Emergency
Medical Emercency

1-800-387-2122
1-&413-348-3616 (24 HOURS)
1-613-748-2616 (24 HOURS)

(TR TN Y )

Components
Material CAS Humber %
yDE '

SODIUM NITRITE FEEZE-00-0 41
WATER . FTEE-18-5 8%

OXIDIZING SALT SO0LUTION:
sapIuM NITRITE TEE2~00~0 40
SODIUM CAREONATE ; 497-19-8 2
SODIUM NITRATE 7HE1-99-4 10
WATER T7ERR-18-5 48

D& : REFORTED/INCLUDED

HAZARDS IDENTIFICATION

Fotential Health Effects

Harmful or fatal if swallowed., Harmful if inhaled.
Overexposure by inhalatiorn or ingestion may cause reduced
oxygen carrying capacity of blood. Causes ekin and eyve
irritation.

HUMSH HEALTH EFFECTS:
CECOG171 DuFort Fage z
Material Safety Data Sheet

{HAZARDS IDENTIFICATION — Continued)

Human health etfects of overexposuwre to the product by skin
or eyve contact may include skin irritation with discomfort
or rashi or eve irritation with discomfort, tearing, or
Blurring of vision. Sodium nitrite has been infrequently
associated with skin sensitization in humans. By
inhalation, irritation of the upper respiratory passages
with coughing may occur. By inhalation or ingestion, the
effecte may include low blood pressure with headache and
fainting, or nonspecific discomfort such as nausea or
weakness. Overexposure may alsoc cause methemoglobinemia
(reduced oxygen carrying capacity of the blood) with
cyancosis (bluiseh disceoloreation of the skin), possibly
progreseing to dizziness, incoordination, shortness of
breath, increased pulse rate, and loss of consciousnecss.




Sodiuwm nitrite canm also react with certain amines forming
compounds which may cause cancer, mutations, or other
todicity. These crapounds, kEnown as nitrosamines, can be
formed in acidic environments such as that found in the
stomach. Since many medications and chemicals contain an
amine group, simultaneous exposure to nitrites showld be
avoided. '

Carcimnogenicity Information

Nome of the components present in this material at concentrations

equal to or greater than 0.1% are listed by IARC, NTF, 0OSHA or ACGII
A5 & Ccarcinogen. ’

e

INHALATION

If inhaled, remove to fresh air. I¥ not breathing give
artificial respiration. If bweathing is difficult, give
oxvoen. Call a physician.

SEIN CONTACT
In case of contact., immediately flush skin with plenty of
water for a2t least 185 minuvtes while removing contaminated
clothing. Call & phyeician. Wash clothing before reuse.

EYE CONTAHCT ‘
In case of contact, immediately flush eyves with plenty of
water for at least 15 minutes. Call & physician.

INGESTION
If ewallowed, immediately give two glasses of water and
induce vamiting. Call a physician. Never give anvthing
by mouth to an unconscious person.
CECOG1T1 buFont Fage 3
Material Safety Data Eheet

(FIRST AID MEASURES - Continued)
Notes to Physicians

Abeorption of this product into the body leads to the
formation of methemoglobin which, in sufficient
concentration, causes cyanoesis. Since revercsion of
methemoglobin to hemoglobin occurs spontaneocusly after
termination of exposuwre, moderate degrees of cyanosis need
to be treated only by supportive measures such as bed rest
and oxygen inhalation. Thorough cleansing of the entire
contaminated area of the bady including scalp and nails is
of utmoet importance. Cyanocobalamin (Vitamin B-12), 1 mag
intramuscularly, will speed recovery. Intravenous fluids
and blpod tramsefusions may be indicated in very severe
BHPOSUIres.




FIRE FIGHTING MEASURES

Flammable Froperties
Autodecomposition : 450 O (214 F) after drvdown
Will not burn.
Fire and Explosion Hazards:
Strong oxidizer when water is removed. Combustible
materials may catch fire more easily after being wet
with sodium nitrite and dried. Product intensifies
combustion of other materials. Firee are difficult to
extinguish,. See "Decomposition',

Extinguishing Media
fle appropriate for combu=tibles in area.

Fire Fighting Instructions
Flood with water.

Safeguards (Fersonnel)

MOTE: FReview FIRE FIGHTIMG MEASURES and HARNDLING (FERSORNNEL)
secticons before proceeding with clean—-up. Use appropriate
FERBONAL FROTECTIVE EQUIFMENT during clean--up.
CECOO191 DuFont Fage 4
Materizal Safety Data Sheet

{ACCIDENTAL RELEASE MEASURES — Continued)
AFocidental Release Measures
Flush spill area with plernty of water. Comply with Federal,
[tate, and local regulations on reporting releases. The
Superfund reportabhle discharge for sodium nitrite is
100 lbs.

Handling (Fersonnel)

Do not take internally. Keep from contact with clothing and
cther combustible materials. Avoid contact with eyes and
skin. Avoid breathing vapore or mist. Avoid breathing dust
frrom dried—down product. Wash thoroughly after handling.

Storage

Do not store with acide, ammonium salts, cyanides, amines or
reducing agents.

i
| I
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Engineering Caontrols

Good general ventilation should be provided to minimize
corntact with vapores, or dust from dried-down product.

Fersonal Frotective Equipment

Eve/Face : Coverall chemical eplash gogoles.
Frotective Gloves : Rubber gloves.

je allowed to dry and dusty conditions exiet, use
aopraved respiratory prot

If product

L OSEH S MEHA

=oction.

Exposure Guidelines
Applicable Exposure Limits

SODIUM NITRITE
FEL (Q8HAY
TLV (ACGIHY
AEL ¥ (Du Font)
WEEL  (AIHA)

None Established
Nare Established
2 ma/m3E. B Hr. TWaA, respirable dust
MNone Established :

BT LENT]

SODIUM NITRITE
CECOOLRY DuFont Faae &
Material Safety Data Sheet

{Conmtinued)

None Established
None Established
2 ma/m3. 8 Hr. TWA, respirable dust
Morne E=ztablished

PEL - (Q8HA)
TLY (ACGIH)
AEL % (Du Font)
WEEL  (AIHA)

SODIUM CAREBONATE
FEL. {OSHA)

TLA (ACGIH
AEL ¥ (Du Fomt)

Norne Established
Nome Established
S mo/mI, 8 Hr. TWA

governmentally imposed pccupational exposure limits which are
lower than the AEL are in effect, such limits shall take
precedence.

¥ AEL is Du Font e Acceptable Exposure Limit. Where

...._...._.__...........-_-_—_...___._..—...___..._.._._._.____..__....-._.__..__._.._._.__..__.._-—.——————-———.—.——-————_.—--_—._—

Fhysical Data
Splubility in Water s 100 WTY Techrnical and Oxidizing Salt
‘Solution '
Qdaor : Odorless
Form : Clear liguid
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! ! Technical ! Oxdidizing Salt!
! ! : ! Solution !

Hoolor ! Fale Yellow Vo Gtraw Coimred'!
e et s o bur s st e e erm S e ams SR 41t Sete S Spi oo bt e S LTE b Aa o e e o o St o e S0 A Aot 4o S S i ke $omm e Ar1te o S s S48 Sera 20t o et e oo oo e}
Boadling P, 78D mmbg! 118 deg C ! 114.5 deg C !
! ! (229 deg F) ! {238 deg F) !

! -1 deqg C P YM10-20 deg C !
! {0 deg F) U {50-468 deg F

[y

. : L2 et 16 deg C '™M1.47146 deg C !
! ! (60 deqg F)Y ! (347460 deg F) !

rrh S Sies i s Hee1t Srren s LA an S vt Wt 50000 $000 Ao Sk i roved Sernt G40 o P a0 S0484St s Mo s o e e e S0 e Sv0s ot o e S0000 svmet e e
@t ! ! !
i 17 mmHHg ! .o mimi-le !

1 T

IE mmMHg ! COMEG mmHg !
b e e e e e e e e i e it s et st e e s o s s 1 S 11 i S e o e S S A S 8 s B 1 10 s e S e 41 St e 41 S e e i e st s e
‘Waporr Density (Air=1)! Less than 1 ' Less than 1 !

‘pH Information ! 8.7 ! 9 !

'Evaporation Rate ! Greater than 1 ' Greater than 1!

CECGOI9L DuFont ' Fage &
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SACTIVITY

Chemical Stebility

Unetable with heat after dry do@n.
Decomposition

Decomposes with heat.

Decomposition temperature ie 490 deg C (914 deg F) after
drydown to produce oxvgen and toxic nitrogen gases.

Folymerization
Folymerization will not occcur.

Other Hazard

e

Incompatibility : Incompatible with acids, ammonium salts,
amines, activated carbon, cyanides, and
reducing agents. May react with
secondary or tertiary amines to form
nitrosamines (Certain nitrosamines are
cancer—suspect agents.).
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Mo Information Available

ECOLOGICAL INFORMATION

Ecotoxiceleocgical Information
Aguatic Toxicity
Fe-houwr LCSO, minnows: 100 mg/L

DIGFOSAL CONSIDERATIONS

Waste Disposal

Comply with Federal, State, and local regulaticns. It
approved, flush to waste treatment svstem.

CECOO191 DuFont Fage 7
Material Safety Data Sheet

Froper Shipping Name ! Hazardous Substance, Liquid, N.O.S.%
Hazard Class : ORM-E

I.D0. Mo. (UNSRHG) : NA No: 2188

DOT Label(s) : None

Special Information ¥Not regulated in packages containing
less than Z00 lbs.

DAT Flacard : None

DOT/ IMG

Froper Shipping Name
Hazard Clase

Not regulated a= a hazardous material.
Mot regulated.

Feportable Guantity : 100 1b
Ghipping Containers

T/Cy TAT, mample bottles

Shipping Information —— Canada

TDG

Froper Shipping Name : OXIDIZING SUBSTANCES N.0O.S. LIQUID
(SODIUM NITRITE, SODIUM NITRATE. SODIUM
CAREONATE)

FIN No. s UN 1479

TDE Class s S.1, (9.2)

TDG Facking Group : I
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REGULATORY ITMFORMAT IOM

u.s. Fede;aiyﬁagulationa

TSCA Inventory Status : Reported/Included.
Camadian Regulations

CLASE € (Ouidizing Material

CLASS D Divieion 1 Subdivision B - Toxic Material/fcute Lethality.

CLASS D Division 2 Subdivision B - Taxic Material. Skin or Eve
Irritant.

Yi

CECOGL9 - DufFont Fage: &
Material Safety Data Eheet

OTHER IMNFORMATION
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Additional Informatich

Title 111 Classifications:
Goute HMHealth R
Chronic Health - Y
Fire Hazard - Po
- Mo
- P

m

1
LI

n

Far further information, see Du Font's "Sodium Mitrite” Dat
Sheet.

The data in this Material Safety Data Sheet relates only to the
gpecific material designated herein and does not relate to use in
combination with any other material or in any process.

CHEMICALE & FIGHENTS
MISSISBAUGH, ONTARIG
416~-821-3ZE00

Fesponsibility for PMSDE
fddress
Telsphone

# Indicates updated section.

End of MSDS
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£ Canadian Centre for Occupaticonal Health and Safety ¥
¥ % % ¥ % & % ¥ ¥ ¥ k¥ Gk ¢ ¥ ¥ X% K X X ¥ ¥ ¥ X ¥ X & ¥ ¥ ¥ ¥
¥x¥ IDENTIFICATION X¥X
MSDS RECORD NUMBER r 756024
FRODUCT NAME(S) : SODIUM NITRATE
FRODUCT IDENTIFICATION @ OQ&6SDNA
DATE OF MSDS : 1994-06—-09
¥¥% MANUFACTURER INFORMATION %¥¥
MANUFACTURER s GROCE DEARRBORN INC
ADDRESS : E451 ERINDALE STATION -ROAD
MISSISEAUGA ONTARIG
CANADA LaC 289
EMERGENCY TELEFHOME NO., 3 905-279-2222 (OFFICE HOURS)
&13-996-66646 (AFTER HOURS)
x¥x MATERIAL SAFETY DATA ¥¥X
Fage 1 Version #: .00
MATERIAL SAFETY DATA SHEET: SODILM MITRATE
1) FRODUCT IDENTIFICATION: SODIUM NITRATE
FRODUCT USE: COMMODITY CHEMICAL
MANUFACTURER:: ST ' EMERGENCY FHONE:
GRACE DEAREBORN INC.
=451 ERINDALE STATION ROAD OFF ICE HOURS: F0O5-279-2224
MISSIssAUGA, ONTARIO
LBC 259 AFTER HOURS: 613f99&—ééé&
TRANSFORTATION OF DANGEROUS GOODS CLASSIFICATION:
SODIUM NITRATE 5.1 UN1498 II1
WHMIS CLASSIFICATION:
CLASS C: CLASS D DIVISION 2 SURDIVISION E
2) INGREDIENTS:
Chemical Name. CAS # TLV(mg/m3=) LDSO(mg/kg
SODIUM NITRATE 7651-99-4 N/7E 2000C

l
. »

LRANGE—( &60.0- 100.0)

...,...__._..._._.__..._..;_‘.-........__=-__:_-_=—._.—._._...__..__.__...._-.__........_....—..—.—....-..‘._—.-._-_—._———..—_—_——._..-_._._...._....

3) PHYSICAL DATA:

Fhyesical state....cun SOLID Freezing point.(Deg.C)N/A
Odour threshold...... N/D _ Boiling point..(Deg.C)N/A
Specific gravity..... 1.2 Vapour Pressure.......N/A
Dersity.saecasaseonas N/D Vapout density(air=1).N/A

FHeceononunscasnnnaas 12 =7 - 8 Evaporation rate......N/A

Selubility in water.. 73 Coeff. of water/oil...N/D

Appearance and odour..




4

~Reproductive Eff......... :NONE KNOWN

-
"~

WHITE FELLETS, ODOURLESE

4) FIRE AND EXFLOSION HAZARD DATA:
CONDITIONS OF FLAMMARILITY:
NON-FLAMMARLE :
EXTINGUISHING MEDIA: WAETER X
' FoAaM X caz X
Other : DRY CHEMICAL
SFECIAL PROCEDURES:
TREAT AS A CLASS A FIRE.
MODERATE WHEN MIXED WITH ORGANIC MATTER - EXFLODES WHEN
HEATED OVER 1000 DEGREES C - OXIDIZIMNG AGENTE.

FLASH FOINT: (Deg. C FMCOC) NONE

FLAMMARBLE LIMITS IM AIR ¥ BY VOLUME: LOWER MN/D
AUTO IGNITIOQN TEMF: (Deq. () NATS

HAZARDOUS COMRBUSTION PRODUCTS:NAD

EXPLOSION DATA:

SENSITIVITY TO IMPFACT...eseeasa.- NONZ KNOWN

SENSITIVITY T0 STATIC DISCHARGES. . :MOME KNOWH

LFPER MNAD

Fage 2 Version
MATERIAL SAFETY DATA SHEET: SODIUM NITRATE

- - 3
H#: KR L

S REACTIVITY DATA:

STARILITY (MNORMAL COMD.) STARLE X UNETABLE
COMDITIONS TO AVOID:

AVDID EXTREME HEAT AROVE 1000 DEGREES C
CONDITIONS OF REACTIVITY:

N/D

INCOMPATIRILITY: (MATERIALS TQ AVQID)

ORGANIC MATERIALS

HAZARDOUS DECOMFOSITION FRODUCTS:

N/D

&) TOXICOLOGICAL FROFERTIES:

ROUTE QF ENTRY: SKIN CONTACT X ARSCORRED RY SKIN EYE
INHALATION X INGESTION X

EFFECTE OF ACUTE EXFOSURE

MAY CAUSE IRRITATION TO SKIN AND EYES. AVOID FROLONGED AND/
QR REFEATED CONTACT.

MAY CAUSE DISCOMFORT, NAUSEA OR VOMITING IF INGESTED.

MAY CAUSE IRRITATION 7O UFFER RESFIRATORY TRACT IF INHALED.
EFFECTS OF CHRONIC EXFOSURE:

N/D
Oral rat LDGOma/kKg. (calc.):>2000 Exposure limits....
IrritancyY.ceveesnenasnsesns :N/D Sensitization......

Synergistic Mat.......... NONE KNOWN
Carcincgenicity....

Teratogenicity.....

Mutaginicity..wseuwwnsneas INONE KNOWN

CONTACT X

«sa« :N/D
«esssN/D

-« :NONE

« =« NONE

KNOWN

KNOWN
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7y FREVENTIVE MEABURES

FERSONAL FROTECTIVE EGQUIFMEMT:

EYE FROTECTION:X GLOVES: X CLOTHING: X
RESPIRATORY FROTECTION:

DUST MAGK

VENTILATION REQUIREMENTS:

MECHANICAL (GENERAL)

SFILL AND LEAK FROCEDURES:

FICK UP DRY SFILLS AND RETURN TO CONTAINER. FLUSH
REMAINDER TO DRAIN WITH EXCESS WATER. '

WASTE DISPOGAL:

USE AN AFFROVED SCAVENGER SERVICE.

HANDL ING PROCEDURES:

WEAR CHEMICAL GQOGGLES AND RUBBER GLOVES.

USE FERSOMAL FROTECTIVE CLOTHING.

STORAGE REGUIREMENTG: .
STORE AWAY FROM ORGANICE IM DRY FIREFROOF BIMS. ‘
WOOD AND FAFEFR BAGS SATURATED WITH SODIUM NITRATE SHOULD
RE REMOVED FROM PREMISES.

SFECIAL HANDLING INFORMATION:

NONE

Fage = Version #: Z.00
MATERIAL SAFETY DATA SHEET: SODIUM NITRATE

8) FIRST
WASH CONTAMINATED AREA THOROUGHLY WITH SOAF AND WATER. LAUNDER CLOTHING
BEEFORE REUSE. FLUSH EYES WITH FLOWING WATER FOR 15 MINUTES AND GET MEDICAL
ATTENTION. IF INGESTED, INDUCE VOMITING AND GIVE LARGE QUANTITIES OF
WATER AND GET MEDICAL ATTENTION IMMEDIATELY.

GASTRIC LAVAGE MAY EE REQUIRED.

2) OTHER INFORMATION:
MNONE

10) FPREFARATION INFORMATION

FREFARED RY: T.R.Erwin. DATE FREF./REV. 1994.06.01
GRACE DEARBORN INC. : FRINT DATE: 1994.06.09
F.O. BOX 3060 STATION A FHONE : Q05-279-222Z2
MIS3ISSAUGA ONTARIO. L3A 373 FAX: Q03-279-0020

N/D-Nc Data N/A-Not Applicable N/E-Not Established <-Less »-Greater
A=0ral rat LDSO EB=0ral rat LD low C=oral LD30/LD low other animal
D=Estimated 1000 E=Arbitrary 2000 F=Other Route Frefix C=Ceiling limit

e e e e o e e e R T e S T Y S S N A S S S T I R R R R R N R I N N N N I R R R N T e s e e e




APPENDIX D

CBC HAZARDS ANALYSIS
(EXCERPTED FROM CBC CONCEPTUAL DESIGN REPORT)
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CONCEPTUAL DESIGN AND RELATED DOCUMENTS

15.0 OPERATIONS AND SAFETY CONSIDERATIONS

U.S. Army Environmental Center

. Red Water Treatment Technology
Test Plan and Site Preparation
Aberdeen Proving Ground, Maryland
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COMPANY NAME: IT Corporation PROJECT NO: 322243
PROJECT NAME: USAEC SPEC. NO.:
LOCATION: Aberdeen Proving Ground, Maryland WP: WP1585.15

15.0 Operations and Safety Considerations

15.1 Introduction

The protection of workers and environmental health and safety (H&S) are major concems
during project implementation and cannot be compromised. This document presents a
description of special H&S precautions related to operating and sampling a CBC for the
destruction of red water for USAEC. This document is not intended to serve as the site
health and safety plan (HASP). ‘

15.2 Regulations and Guidelines
All activities conducted during the incineration of red water must be in compliance with
applicable requirements of the following publications:

» 29 Code of Federal Regulations (CFR) 1926, Construction Industry, Occupa-
tional Safety and Health Administration (OSHA) Safety and Health Standards

* 29 CFR 1910, General Industry OSHA Safety and Health Standards

» 29 CFR 1910.120, OSHA Final Rule dated March 6, 1989, "Hazardous Waste
Operations and Emergency Response”

« National Institute of Occupational Safety and Health (NIOSH)/OSHA/USCG/U.S
Environmental Protection Agency (EPA), "Occupational Safety and Health
Guidance Manual for Hazardous Waste Site Activities," October 1985

e American Conference of Governmental Industrial Hygienists (ACGIH), "Thresh-
old Limit Values and Biological Exposure Indices,” 1989-1990, or most current
version

« U.S. Department of Health and Human Services (DHHS), "NIOSH Sampling and
Analytical Methods," DHHS (NIOSH) Publication 84-100

» American National Standards Institute (ANSI), Practice for Respiratory Protec-
tion, Z88.2, 1980 :

» ANSI, Emergency Eyewash and Shower Equipment, Z41.1, 1983

» ANSI, Protective Footwear, Z358.1, 1981

By: PO , Operations and Safety Considerations Area No.:

Checked: PA IT PCE Area Name: Allareas .
Approved: PA Knoxville, Tennessee :

Date: 01/1295 Rev. No. (0) (1) Page: 10f13
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COMPANY NAME: IT Corporation PROJECT NO: 32243
PROJECT NAME: USAEC SPEC. NO.:
LOCATION: Aberdeen Proving Ground, Maryland WP: WP1585.15

» ANSI Physical Qualifications for Respirator Use, Z88.6, 1984

» ANSI, Practice for Occupational and Educational Eye and Face Protection,
Z87.1, 1968.

15.3 Hazard Assessment

This section discusses the hazards that are anticipated to be encountered during operation of
the CBC to burn red water. The potential hazards associated with operation of the CBC
include chemical and physical hazards. ‘

15.3.1 Chemical Hazards
Potential exists for personnel to come into contact with the following types of materials:

« Reactive and toxic feed materials
« Flammable solvents used in the sampling trains
» Toxic and corrosive combustion products.

15.3.1.1 Feed Materials

The feed materials during routine operations is red water. Red water is the aqueous effluent
generated during sellite purification of crude TNT. The characteristics of red water are
presented at the end of this chapter.

Explosion Potential. The red water has a solids heat content of 3,200 Btu/lb. The solids
are in a solution that is 85 percent water, which makes the red water endothermic.

CBCs were originally designed to manage materials with high heat content for energy
production. The level of energy in the red water will not be dangerous for the CBC.
Additionally, the large internal volume of the CBC will dissipate any pressure shocks that
could occur from uneven combustion of the red water.

Contaminated Surfaces. The red water will be pumped directly to the CBC feed port. In
the unlikely event that red water is spilled, it should be cleaned up using wet methods and not
allowed to dry. Dry TNT or related materials can explode due to friction or spark.

By: PO Operations and Safety Considerations Area No.:

Checked: PA IT PCE Area Name: All areas -
Approved: PA Knoxville, Tennessee  ~

Date: 01/1295 Rev. No. (0) (1) Page: 20f 13




COMPANY NAME: IT Corporation PROJECT NO: 322243
PROJECT NAME: USAEC SPEC. NO.:
LOCATION: Aberdeen Proving Ground, Maryland WP: WP1585.15

15.3.1.2 Ash

The ash from the CBC will be a fine particulate that may be toxic. It is unlikely that
explosive materials will be found in the ash to present a physical or chemical hazard.
Toxicity of the ash will be due to the presence of metals. The fine particulate will be a
respiratory hazard.

Respiratory Protection. The following rules will be adhered to by all site personnel when
respiratory protection is in use:

 Only properly cleaned, maintained, NIOSH/Mine Safety and Health Adm1mstra-
tion (MSHA)-approved respirators will be used on site.

* Selection of respirators, as well as any decisions regarding upgrading or down-
grading of respiratory protection, will be made by the site H&S officer upon
consultation with a senior health and safety professional.

» Used air-purifying cartridges will be replaced at the end of each shift or when
load-up or breakthrough occurs.

Only employees who have had pre-issued qualitative fit tests and annual fit tests
thereafter will be allowed to work in atmospheres where respirators are required.

« If an employee has demonstrated difficulty in breathing during the fit test or
during use, he/she will be given a physical examination to determine whether a
respirator can be worn while performing the required duty.

* No employee will be assigned tasks requiring the use of respirators, if based
upon the most recent examination, a physician determines that the employee will
be unable to function normally wearing a respirator or that the health of the
employee will be impaired by use of a respirator.

« Contact lenses are not to be wom while using any type of respiratory protection.

» Excessive facial hair (beards) prohibits proper face fit and effectiveness of
respirators; therefore, persons required to wear full-face or half-face respirators
must not have beards, wide mustaches, goatees, extended sideburns, or Fu
Manchu mustaches. All personnel wearing full-face or half-face respirators will
be required to be clean shaven prior to each day’s shift.

By: PO Operations and Safety Considerations Area No.:

Checked: PA IT PCE Area Name: All areas
Approved: PA Knoxville, Tennessee -

Date: 01/1295 Rev. No. (0) (1) Page: 30of 13




'

COMPANY NAME: IT Corporation PROJECT NO: 32243
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LOCATION: Aberdeen Proving Ground, Maryland WP: WP1585.15

» Each respirator will be individually assigned and not interchanged among
employees without cleaning and sanitizing.

» Regular eyeglasses cannot be worn with full-face respirators because they
interfere with the face-piece seal. Inserts must be utilized.

» The respiratory protection used on site will be in compliance with OSHA,
29 CFR 1910.134.

15.3.1.3 Sampling Trains
During testing programs, flammable solvents may be used in the sampling trains. Material
Safety Data Sheets (MSDS) will be provided by the test team for these substances.

15.3.1.4 Spiking Materials

During testing programs, the feed stream may be spiked with materials that are toxic,
reactive, flammable, and/or corrosive. It will be incumbent upon the test team to properly
store and handle the spiking materials, and to provide MSDSs for these materials.

15.3.2 Physical Hazards

Several physical hazards are expected to be encountered during field activities. These hazards
are similar to those associated with any mechanical project. These hazards include those due
to poor housekeeping, equipment operation, the use of hand and power tools, handling and
storage of fuels, and use of electrical power.

15.3.2.1 Noise
Noise is a potential hazard associated with the operation of mechanical equipment including
the fans, blowers, power tools, pumps, and generators.

All on-site personnel will wear hearing protection in areas where noise levels exceed a time-
weighted average (TWA) of 85 decibels (dBA). Hearing protection will be worn during
activities if levels are suspected or shown to exceed 85 dBA. The site H&S officer will con-
tinuously identify areas with high noise levels. High noise areas will initially be monitored
with a sound level meter or dosimeter. Areas with consistently high noise levels will have

By: PO Operations and Safety Considerations . Area No.:

Checked: PA IT PCE Area Name: All areas .
Approved: PA Knoxville, Tennessee .
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LOCATION: Aberdeen Proving Ground, Maryland - WP: WP1585.15

signs posted notifying personrel that hearing protection is required. All employees working
on or near the CBC will receive annual hearing conservation refresher training.

15.3.2.2 Heat Stress

Heat stress is a significant potential hazard associated with the use of protective equipment in
hot weather environments. The signs and symptoms of heat stress and the physiological
monitoring requirements are discussed below.

Heat Stress Monitoring. Heat stress is caused by a number of interacting factors,
including environmental conditions, clothing, workload, and individual characteristics. -
Extreme hot weather can cause physical discomfort, loss of efficiency, or personal injury.

Individuals vary in their susceptibility to heat stress. Factors that may predispose individuals
to heat stress include:

Lack of physical fitness
Insufficient acclimation
Age

Dehydration

Obesity

Alcohol and/or drug use
Medical conditions
Infection

Sunburn

Diarrhea

Chronic disease.

Reduced work tolerance and the increased risk of heat stress are directly influenced by the
amount and type of personal protective equipment (PPE) worn. PPE adds weight and bulk,
severely reduces the body’s normal heat exchange mechanisms (evaporation, convection, and
radiation), and increases energy expenditure.

By: PO Operations and Safety Considerations Area No.:

Checked: PA IT PCE Area Name: All areas
Approved: PA Knoxville, Tennessee .
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COMPANY NAME: IT Corporation PROJECT NO: 32243
PROJECT NAME: USAEC SPEC. NO.:
LOCATION: Aberdeen Proving Ground, Maryland WP: WP1585.15

Signs and Symptoms of Heat Stress. If normal body temperature fails to be maintained
because of excessive heat, a number of physical reactions can occur ranging from mild to
fatal. Heat-related problems include:

Heat Rash. Caused by continuous exposure to heat and humidity and aggra-
vated by chafing clothes. Heat rash decreases the body’s ability to tolerate heat,
as well as being a nuisance.

Heat Cramps. Caused by profuse perspiration with inadequate fluid intake.
Heat cramps cause painful muscle spasms and pain in the extremities and
abdomen.

Heat Exhaustion. Caused by increased stress on various organs to meet in-
creased demand to cool the body. Heat exhaustion causes shallow breathing;
pale, cool, moist skin; profuse sweating; and dizziness. Heat exhaustion can be
alleviated by promptly moving the affected individual to a cool place to lie down
and providing cool fluids to drink.

Heat Stroke. The most severe form of heat stress. Heat stroke symptoms
include hot, dry skin; no perspiration; nausea; dizziness; confusion; strong, rapid
pulse; and coma. The body must be cooled immediately to prevent severe injury
or death. Relief is possible only by emergency measures that quickly reduce
body temperature to avoid irreparable damage to the body.

Heat Stress Prevention. One or more of the following practices will help reduce the
probability of succumbing to heat stress:

Provide plenty of liquids to replace the body fluids lost by perspiration. Fluid
intake must be forced because, under conditions of heat stress, the normal thirst
mechanism is not adequate to bring about a voluntary replacement of lost fluids.

Provide cooling devices to aid natural body ventilation; however, these devices
add weight and should be balanced against worker comfort.

If possible, install mobile showers or hose-down facilities to reduce body
temperature. '

If possible, provide cool protective clothing.

If possible, conduct field operations in the early morning.

By: PO

Checked: PA
Approved: PA
Date: 01/1295

Operations and Safety Considerations Area No.:
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COMPANY NAME: IT Corporation PROJECT NO. 322243
PROJECT NAME: USAEC SPEC. NO.:
LOCATION: Aberdeen Proving Ground, Maryland WP: WP1585.15

* Acclimate workers to heat conditions when field operations are conducted during
hot weather.

* Train personnel to recognize the signs and symptoms of heat stress and its
treatment.

* Rotate personnel to various job duties if possible.

 Provide shade or shelter to relieve personnel of exposure to the sun during rest
periods.

Individuals succumbing to the syinptoms of heat stress will notify the sitc H&S officer. Early
detection and treatment of heat stress will prevent further serious illness or injury and lost
work-time. Proper and effective heat stress treatment can prevent the onset of more serious
heat stroke or exhaustion conditions. Individuals having progressed to heat exhaustion or heat
stroke become more sensitive and predisposed to additional heat stress situations.

Physlological Monitoring. Ambient temperature and other environmental factors provide
basic guidelines to implement work/rest periods. However, because individuals vary in their
susceptibility to heat stress, physiological monitoring will be used to regulate each individ-
ual’s response to heat stress when ambient temperatures exceed 70°F. Monitoring frequency
will increase as ambient temperature increases. The three physiological parameters that each
individual will monitor are:

» Heart Rate. Each individual will count his/her radial (wrist) pulse for 30
seconds as early as possible in the first rest period. If the heart rate of any
individual on the sampling team exceeds 100 beats per minute at the beginning
of the rest period, then the work cycle will be decreased by one-third. The rest
period will remain the same.

 Oral Temperature. Each individual will measure his/her oral temperature with
a single-use clinical thermometer for 1 minute as early as possible in the first
rest period. If the oral temperature exceeds 98.6°F at the beginning of the rest
period, then the work cycle will be decreased by one-third. The rest period will
remain the same.

« Body Water Loss. Each individual will weigh his/her self before starting
work and at the end of each work shift.

By: PO Operations and Safety Considerations Area No.:

Checked: PA IT PCE Area Name: All areas
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An individual is not permitted to return to work if his/her oral temperature exceeds 100.6°F.

Physiological monitoring information will be recorded on the Employee Record for Heat
Stress. All monitoring will be performed by persons with a minimum of current Red Cross
first-aid certification and individualized training to recognize the symptoms of heat stress.
The site H&S officer will specify the work cycle period and the rest cycle period based on
heat stress monitoring as per 1991-1992 ACGIH Threshold Limit Values (TLV).

15.3.2.3 Cold Stress

At certain times of the year, workers may be exposed to the hazards of working in cold
environments. Potential hazards in cold environments include frostbite and hypothermia, as
well as slippery working surfaces, brittle equipment, and poor judgement.

To minimize the risk of the hazards of working in cold environments, workers will be trained
to recognize the physiologic responses of the body to cold stress.

Physiologic Response to Cold Stress. Personnel who are exposed to temperatures
below -10°F with wind speeds of greater than 5 miles per hour (mph) will be medically
certified as suitable for such exposure. Employees will be protected from exposure to cold so
that their body core temperature does not fall below 98.6°F. Lower body temperatures result
in reduced alertness and a reduction in thought processes or loss of consciousness.

Pain in the extremities (i.e, fingers, toes, ears, and nose) may be the first signs of cold stress,
because these areas have high surface area-to-volume ratios. Uncontrollable shivering occurs
during exposure to cold when the body core temperature falls below 95°F. This symptom
should be taken as a sign of danger, and work terminated with workers moving to a warm
environment.

Ambient air temperature and the velocity of the wind influence the development of a cold
injury. Wind chill is used to describe the chilling effect of moving air in combination with
low temperature. As a general rule, the greatest incremental increase in wind chill occurs
when a 5-mph wind increases to 10 mph. Additionally, water conducts heat 240 times faster
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than air. Thus, the body cools suddenly when chemical protective clothing is removed and
clothing beneath is soaked with perspiration.

Signs and Symptoms of Cold Stress. Local injury resulting from cold is included in
the generic term "frostbite;" however, there are several degrees of damage. Cold-related
injuries include:

 Frost nip or incipient frostbite is characterized by sudden whitening or blanching
of the skin. ‘

« Superficial frostbite gives the skin a waxy appearance and is firm to the touch,
but the tissue beneath is resilient. Superficial frostbite can be treated by cover-
ing the cheeks with warm hands, placing frostbitten fingers beneath the armpit
next to the skin, or placing frostbitten feet beneath the clothing against the skin
of a companion.

» Deep frostbite is characterized by cold, pale, and solid tissues. Deep frostbite is
an extremely serious injury and affected individuals will seek medical attention.

« Systemic hypothermia is caused by exposure to freezing and rapidly dropping
temperatures. Hypothermia symptoms are visually exhibited in five stages:

- Shivering

- Apathy, listlessness, sleepiness, and sometimes rapid cooling of the body to
less than 95.5°F

- Unconsciousness, glassy stare, slow pulse, and slow respiratory rate

- Freezing of the extremities

- Death.

Cold Stress Prevention. Prevention of frostbite is a function of whole-body protection:
e Adequate insulated clothing should be worn when the air temperature is below
40°F. Insulated coveralls, thermal socks, long underwear, hard hat liners, and

other cold-weather gear aid in the prevention of hypothermia.

» Warm break areas and drinks (no caffeinated coffee) aid in warming the body.
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« Train personnel to recognize the signs and symptoms of cold-relat=d injuries and
their treatment.

¢ Personnel will try to keep from getting their bodies and clothing wet, as this will
only accelerate the effects of cold stress. However, if personnel should get wet,
they will be allowed to dry off and change clothes.

 In addition, reduced work periods may be necessary in extreme conditions to
allow rest in a warm area.

15.3.2.4 Burn Hazards

The surface of the CBC will be more than 300°F. Therefore, there is a real burn hazard.
Other hot spots may be the ash, the baghouse, the fans, the stack, and all duct work. Burns
can be prevented by avoiding contact with hot surfaces and by using the proper protective
equipment when working on or near hot surfaces.

15.3.2.5 Explosion Hazard
The auxiliary fuel for the CBC will be natural gas. To prevent an explosive buildup of
natural gas in the CBC the following will be observed:

« All auxiliary fuel valves will be installed in a double block and bleed manner

* CBC will be purged with air before the bumner is started

+ CBC temperature will be above 1300°F before auxiliary fuel is fed directly to
the CBC

* Flame sensor will monitor the flame whenever a bumer is in operation.

15.3.2.6 Fire Hazard

High tcrhperatln'e in the baghouse could cause the bags to catch fire. To prevent this
problem, the temperature of the gases before the baghouse will be continuously monitored and
if the temperature exceeds the manufacturer’s recommended maximum temperature, the
auxiliary fuel will be cut off.
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15.3.2.7 Confined Space Entry
The CBC shall be evaluated to determine if any spaces are permit-required confined space. A
permit-required confined space is a space that:

Contains or has the potential to contain a hazardous atmosphere
Contains a material that has a potential for engulfing an entrant

Is configured such that an entrant could be trapped or asphyxiated
Contains any other safety or health hazard.

A sign reading "DANGER-PERMIT-REQUIRED CONFINED SPACE, DO NOT ENTER"
will be posted at the entrance to any confined space.

Before entry into a permit-required confined space, a permit must be obtained from the site
H&S officer. Only properly trained, authorized entrants may enter a confined space. A
properly trained attendant must monitor the entrant from outside of the confined space. The
appropriate PPE must be worn by the entrant and available for the rescue service.

15.3.3 Activity Hazard Analysis
This section provides an analysis of the likelihood of exposure to chemical and physical
hazards and the risks associated with those exposures.

15.3.3.1 CBC Erection
The likelihood of exposure to chemical hazards is low, and the associated risk is low.

The likelihood of exposure to physical hazards is low to moderate. Heavy equipment
operation and working at elevated locations pose moderate hazards during CBC erection.
Other anticipated physical hazards include noise, electrical hazards, pinch points, heavy
lifting, fuel handling, and heat stress. Control measures that will be employed to reduce the
potential risk of exposure include properly maintained heavy equipment, employee training to
recognize physical hazards, and adherence to the heat and cold stress guidelines contained in
the HASP.
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15.3.3.2 Performance Testing

During the performance test, samples of the red water will be analyzed. The red water may
be spiked with organic chemicals and heavy metals, which present potential inhalation and
skin contact hazards during the addition and subsequent sample handling activities. Control
measures that can be employed to significantly reduce the potential risk of exposure include
enclosed mixing and the use of PPE.

The likelihood of exposure to physical hazards is low to moderate. Equipment operation and
material handling activities pose low hazards during trial burn preparation activities. Other
physical hazards include heavy lifting, noise, electrical hazards, fire, and elevated work areas.
Control measures that will be used to reduce the potential risk of exposure include proper
equipment maintenance, trained operators, grounding and bonding during liquid transfer,
adherence to lock-out/tag-out procedures, and utilization of proper tie-off procedures.

15.3.3.3 Maintenance Operations

The likelihood of exposure to chemical hazards during maintenance activities is low. The
area of concern for this analysis is from the feed port to the stack. All red water that enters
the CBC will be combusted, so red water (and its constituents) will not be present in the CBC
during maintenance operations. A separate analysis of maintenance of the waste feed system
should be considered, but this is beyond the scope of this document.

The likelihood of exposure to physical hazards is low to moderate. The risk associated with
exposure to these agents is moderate, based upon the potential for serious injury from
clectrical hazards, pinch points, and moving equipment. Control measures that will be
employed to reduce the potential risk of exposure include employee training and the prepara-
tion of site-specific standard operating procedures (SOP). Examples of these procedures
include:

Lockout/tagout procedure

Confined space industrial

Welding, cutting, and other hot work in hazardous locations
Isolation of and entry into the CBC.
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15.3.3.4 Operation of the CBC

A variety of chemical and physical hazards are associated with the operation of the CBC.
The primary control measures include good engineering design, employee training, and the
preparation of site-specific SOPs.

The likelihood of exposure to chemical hazards during routine operations is low and should
be limited to exposure during sampling of the waste feed and the ash.

The likelihood of exposure to physical hazards is low to moderate. Hazards addressed in the
SOPs will include noise, electrical hazards, work at elevations, slip/trip hazards, pinch points,

and hot surfaces.

Either a task-specific hazard analysis or an SOP will be developed prior to starting a

particular task.
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LOCKOUT PROCEDURE

) PURPOSE

The purpose of this procedure is to establish and maintain a program of electrical and
mechanical lockouts. It specifically covers the recommended lockout procedures for electrical,
mechanical, and piping equipment. Its intent is to ensure the safety of all employees and others
working on electrical and mechanical equipment for the purposes of installation, maintenance,
cleanout, adjustment, repair, or modification.

II. ADMINISTRATION

The Project Manager is responsible for the establishment and implementation of proper lockout
procedures at an IT Corporation facility or job site. The Project Manager and field supervisors
are responsible for enforcing the various sections of the lockout procedures and for effectively
training employees in the requirements of the procedures.

All employees are responsible for complying with the requirements of the established procedure.

Hardware - Special padlocks and DANGER tags used for lockout purposes shall be issued by
the Project Manager. These padlocks and tags are the only type authorized for use in locking
out energy sources and shall be used for no other purpose. Each padlock and key issued will
have a unique identification number. A record of individuals who have been assigned lockout
padlocks shall be maintained by the Project Manager.

Each padiock shall be keyed individually.

Annual Audits - The Supervisor, Project Manager and H&S Professional shall conduct audits
to ensure that this lockout procedure is being properly implemented. The written results of these
audits shall identify the machine or equipment inspected, the date inspected and the name of the
person performing the audit. :

. REFERENCES

A. OSHA Rule 29 CFR 1910.147, “"Control of Hazardous Energy Sources
(Lockout/Tagout).”

B. "Safety Requirements for the Lockout/Tagout of Energy Sources,” ANSI Z244.1-1982.




PROCEDURE

General - The following procedures apply to both electrically energized equipment and
mechanical lockouts.

1. A survey shall be made to identify all energy sources to be certain which switch,
valve, or other energy-isolating devices apply to the equipment to be locked out.
More than one energy source (electrical, mechanical, or other) may be involved.
Questionable energy source problems shall be resolved before job authorization
is obtained and lockout commences.

2. All energy-isolating devices, including electric disconnect switches and valves,
shall be labeled to identify the equipment supplied and the type and magnitude of
energy controlled.

3. All affected employees shall be notified that a lockout is téquired and why.

4, If the equipment is operating, normal procedures shall be used to shut it down
(stop button pressed, toggle switch opened, gate valve closed, etc.). '

S. Stored energy (such as that in capacitors; springs; elevated machine parts; rotating
flywheels; hydraulic systems; and air, gas, steam, or water pressure) must be
dissipated or restrained by methods such as grounding, repositioning, blocking,
bleeding down, etc.

6. All equipment must be deenergized and locked out at the source of energy
(starter, field disconnect) for that particular piece of equipment before any work
is performed on it. For electrically energized equipment, the "source™ means the
main electrical wires providing power to that piece of equipment. Lockouts must
be performed on approved safety switch disconnects. (Push buttons and toggle
switches are not considered approved.) Note: Before any equipment is
deenergized, all push buttons or toggle switches must be OFF to eliminate any

hazards.

7. DANGER tags shall be used to identify the person(s) locking out a piece of
equipment. Every person working on a piece of equipment or assisting with such
work must lock it out before performing that work. See Attachment 1 for Danger
tags.

8. The key to any lock being used must be kept on the person performing the
lockout.

9. No person should attempt to remove any lock from any locked-out equipment
without the agreement of the persons who have locked out such equipment. In
the event the persons who have locked out the equipment l}avc left the facility or




10.

11.

12.

Job site, a supervisor may authorize removal of the lock(s) after ensuring tk
such removal will not endanger any employee or the equipment.

Each lockout performed on electrically energized equipment shall include t
following steps (See Figure 1):

a.

- Notify - All affected employees shall be notified that a lockout is requir

and reason why.

Lockout - Switch shall be locked in the off position with an assign
individual lock. ‘

Tag - Each lock shall be identified with a tag on which the performing t!
Jockout records his or her name and the date.

Clear - The person performing the lbckout will visually observe that ti
equipment is clear of persons and things.

Try - The start switch shall be tried to ensure that the equipment has i
fact been deenergized. If the system has multiple start switches, all sta
switches shall be tried.

Stored energy - Dissipate, bleed off or restrain energy stored i
capacitors, " springs, elevated machine members, rotating flywheel
hydraulic systems.

Keys - The key(s) to the lock(s) shall be kept by the person performin
the lockout at all times when working on equipment.

Some equipment, because of its nature or function, cannot be locked out in th
preceding manner. Such equipment shall be de-energized in accordance wit
References A and B and agreed upon by all parties involved.

Before energy is restored to the equipment/process, an authorized individual shal]

Visually inspect the work area to ensure that tools and equipment hav.
been removed and the unit is ready to operate.

Conduct a head coynt or otherwise ensure that all personnel are in th
Clear. .

See that each individual lock be removed from each energy isolating
device by the person who applied the Jock. Exceptions are allowed only
as described in Paragraph 9. :
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B.

Mechanical Lockouts

1.

All nonelectrical equipment that requires lockout will be locked out in a manner
appropriate for that piece of equipment. For example, gate valves shall be
chained and locked in 2 manner that will prevent them from being opened or
closed, depending on the requirements. (See Figure 2).

When entry into tanks or vessels is required, lines into that vessel shall be
secured as follows:

a, All lines to the vessel shall be disconnected, blanked, or blind-flanged.
b. A list of blanks, disconnections, and/or blind flanges shall be maintained
aspanofthevessclmu'ypmmt. , ‘

Note: A confined-space entry permit must be obtained, and all requxrcmem.s of
the confined-space entry procedure shall be met.

Where double block-and-bleed systems have been installed (see Figure 3), these
valves shall be used and posted with DANGER tags, as stated in Section IV.A.7.
Where some question exists regarding the integrity of tagged valves, locks shall
be employed to ensure the inoperability of these valves. .

If necessary, mechanical devices such as agitators, tynes, and pumps shall be
mechanically disconnected from the system to ensure the safety of individuals
working on the equipment.

volving More Than On

In the preceding sections, if more than one individual is required to lock out
equipment, each shall place his or her own personal lock on the energy-isolating

device(s).

' W@n—of a work crew, or a supervisor with the knowledge of the
ew, may lock'6ut equipment for the whole'crew. If is the responsibility of the

designated person to carry out all steps of the lockout procedire and to inform
the crew when it is safe to work on the equipment. In addition, this designated
person shall not remove a crew lock until it has been verified that all individuals
and tools are in the clear. Refer to Section IV.A.12.

If equipment will be Jocked out for more than one shift, the individual or work
crew leader from the preceding shift shall notify the individual or work crew
leader on the followmg shift, of the work status and lockout requirements of the
job before removing the preceding shifts’ padlock. The following shift’s
personnel shall be responsible for applying.necessary lockouts for the shift.




D. utside Contractors

Whenever outside personnel may be affected by, or perform activities covered by this
procedure, these personnel shall be notified of this Lockout Procedure. In addition,
Lockout procedures used by other contractors shall be compatible with the IT Lockout
Procedure. The Project Manager is responsible for notifying outside contractors of these
! requirements. '

-
*

! specifically established via the Site Specific Health and Safety Plan.

The opening of motor control center (MCC) panels, disconnect switches, line starters,
or any other electrical enclosures by anyone other than qualified personnel is prohibited.

l E.  Other - Any situation not specified in the precedihg that requires a lockout will be
!
I [ . _ The Project Manager will determine those individuals qualified to open electrical

, enclosures. ‘
‘. F.  TIraining - All employees, supervisors, and management whose job activities may include
' or be affected by the use of a lockout to control hazardous energy sources shall receive
l initial training on proper implementation of this procedure. Followup training in all
' aspects of the lockout procedure will be administered by foremen on an annual basis.
oa Written training records, which includes employee’s name and training date, shall be
' l ; maintained by the Health, Safety and Training Department '
. V. REVIEW AND REVISION

l l | This procedure will be reviewed triannually and revised as needed.
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Figure 2. Lockoutiagout procedure for hydraufic-pneumatic energy source.
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PERMIT-REQUIRED
CONFINED SPACE DECISION
FLOWCHART

Consult other
|__Does the workplace consin Permit-Required Confinod Spaces a5 deTond by §1910.146(b)? |.__"° licable
] YES . standards.
{__Inform employees as required by §1910.146 ©X2). | Ster
) §

| L\Vill -~ - 7 1 NO ‘ Prevetl employee entry .'"equig:d by 52'10.1460:)(3).

|YES

YES ——
Will ? |—— Task will be done by contractors’
i —onTaclon ene ll9lO.i46(c)(8)(il),."(ii). and (iii).
: 51910.146(cx92(i). (ii), and (iii) from host.

emp

loyees. Inform contractor as required by

Contractor obains information required by

1&0

NO L Both contractors and host employees will enter the space?
Iy
Wil host employees enter to Coordinate entry operations as red by §1910.146
perform entry tasks? {cX8)Xiv) and (dX11). Prevmmmhomedby entry.

N
YES r—OL Prevent unauthorized cnu'y."STOP

c. $1910.146 docs

not apply. Consult other OSHA standard.

" . l . -
L Docs space have known or potential hazards? }.EO Not a permit-required confined

|___ Enury tasks completed. Permit returmod and cancelod, |
A

Audit permit program and permit based on evaloation of entry by
entrants, stiendants, testers, and preparers, etc.

correctrevent prohibiied
i Oc:md M(uuny)
is prool of deficient . Nore ontil

program (and permit) is smended. (May

jYes
YES Employer mxy choose 1o reciassify space 1o non-permit 1
[__Can the hazards be climinated? | equired confined space using § 1910, 146, sTor
{No
Can the space be maintained in a condition safc to enter by Space may be entered under !
continuous forced air ventilation only? p..ce§l910.l46(cx5). sTor
INO
L Prepare for entry via permit procedures. 1 Permit not valid
Y until conditions
Verify acceptable entry conditions (Test results recorded, spece isolated if necded, NO{ mect permit
rescuers/mesns to summon available, entrants properly equipped, etc.) specifications,
JYES
NO
Permit issued by suthorizing signature. : Emergency exists ibited condition).
, ble conditions maintained throu . Entrants evacusted anq;:ms. (Call rescuers
I YES

#{needed). Permit is void. Reevaluate

I Spaces may have 1o be evacusted and re-cvalusted if hazards arise during entry
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. . Material S Data Sheets Collecti
Genium Publishing Corporation aterial Safety Data Sheets Collectio

® One Genium Plaza Shee_t No. 327
Schenectady, NY 12304-4690 USA Acetic Acid

(518) 377-8854

Section 1. Material Identification
Acetic Acid (CH,COOi: Description: Derived by fermentative oxidation of ethanol, liquid and vapor phase

Issued: 11/75 Revision: E, 9/92

R 2
oxidation of petroleum gases with a catalyst, hydration of acetic anhydride, or by reacting methy! alcohol with I 2.3+
carbon monoxide in presence of a catalyst. Occurs naturally in wines, aged cheese, orange juice, and vinegar (3 to S 2.3+
6%). Glacial acetic acid is the concentrated form and is diluted with water to form varying concentrations. Used in K 1-2
production of inorganic and organic acetates and organic esters, in dyeing, pharmaceuticals, canning, food process- "'Ac‘i’flhf;'t‘i’c
ing, pigment production, and in textile printing; as a food additive, latex coagulant, il well acidizer, and a solvent for acid
gums, resins, and volatile oils.

Other Designations: CAS No. 64-19-7, Aci

-Jel, ethanoic acid, ethylic acid, glacial acetic acid, methane carboxylic
acid, pyroligneous acid, vinegar acid.

Manufacturer: Contact your supplier or distributor. Consult latest Chemical Week Buyers' Guide™) for a suppliers list.
Cautions: Acetic acid is highly corrosive and can seriously damage living tissue. Prolonged inhalation of even low acetic acid
percentages such as found in vinegar (3 to 6 %) can cause severe irritation of mucous membranes. Concentrated acetic acid is highly %

flammable while concentrations below 50% are nonflammable. Reaction with water releases heat and irritating vapors.

Section 2. Ingredients and Occupational Exposure Limits
Acetic acid. Glacial acetic acid js 99.8%. Impurities include trace amounts of chloride, lead, iron, sulfate, and sulfur dioxide.

1991 OSHA PEL 1992-93 ACGIH TLVs 1985-86 Toxicity Data*

8-hr TWA: 10 ppm (25 mg/m3) TWA: 10 ppm (25 mg/m?) Human, skin: 50 mg/24 hr caused mild irritation.

1990 IDLH Level STEL: 15 ppm (37 mg/m?) Ma_n, unreported route, LD, : 308 mg/kg; toxic effects not yet

1000 1990 DFG (G MAK seviewed

1990 ;‘;ZSH RELs TWA: 10 p;megg ‘::gj)ma) Human, oral, TD, 14‘70 gg/kg caused funcu'o!lal d!anges in the

TWA: 10 ppm (25 mg/m) Category I: Local imitants esophagus anq bleeding in the small & large intestine.

STEL. s Ppm 37 ) Peak Exposure Limit: 20 ppm, 5 Human, lnl}alatlon: TC,,: 816 ppm/3 min caused olfactory and e
FIPP min momentary value, 8/shift effects with respiratory changes.

Rat, oral, LDy,: 3530 mg/kg; no toxic effect noted

Rabbit, eye (open patch test): 50 pg caused severe irritation.
* See NIOSH, RTECS (AF 1225000, % not specified; synonyms include vinegar and glacial acetic acid), (AF1300000, 25 to 80%), (AF1340000, 80 to
100%) for additional irritation, mutation, reproductive, and toxicity data.

Section 3. Physical Data

Boiling Point: 244 °F, 118 °C (760 mm Hg); 176 °F, 80 °C (202 mm Hg) Molecular Weight: 60.05
Melting Point: 62 °F (16.6 *C), congeals at 6.8 °F (-14 *C) Density: 1.0492 at 68 °F (20/4 °C)
Water Solubility: Soluble, releases heat & toxic vapors pH: IM(24),0.1 M (29),0.01 M (34)

Other Solubilities: Soluble in ethanol, ether, glycerol, glycerine, Viscosity: 1.22 cP at 68 °F 20°C)
acetone, benzene, and carbon tetrachloride. Insoluble in carbon disulfide. &’ett/.g:lﬁosn 614“13/": ]1 37 185.21 62% '_fé (20°C)
Vapor Pressure: 11 mm H at 68 °F (20 *C) : 8. gal at 68 °F ( )
Del;':ity of Saturated Air (iir =1): .02 Evaporation Rate: 0.24 g/m?/s at 25 °C and wind at 4.5

Appearance and Odor: Colorless, hygroscopic liquid or crystals with a pungent (vinegar) odor. The odor threshold = 0.037 10 0.15 ppm.

Section 4. Fire and Explosion Data

Flash Point: 103 °F (39 °C) OC Autoignition Temperature: 800 10 916 °F (42610516 °C) [LEL: 5.4 % viv

Extinguishing Media: Concentrations below 50% are nonflammable. Greater than 50% poses a fire hazard directly and by releasing flammable
hydrogen gas from contact with many metals. Fight fire with dry chemical, carbon dioxide, water spray, or ‘alcohol-resistent’ foam,

Unusual Fire or Explosion Hazards: Buming Rate = 1.6 mm/min. Container may explode in heat of fire. Concentrated acetic acid poses an
explosion hazard indoors, outdoors, and in sewers. Special Fire-fighting Procedures: Because fire may produce toxic thermal decomposition
products, wear a self-contained breathing apparatus (SCBA) with a full facepiece operated in pressure-demand or positive-pressure mode.
Structural firefighters' protective clothing provides only limited protection. If possible without risk, remove container from fire area. If impossibl
apply cooling water to sides of containers until well after fire is out. Stay away from ends of tanks. Withdraw immediately if you hear a tising

sound from venting safety device or notice any tank discoloration due to fire. Do not release runoff from fire contro}
waterways. , e

UEL: 16% v/v at 212 F (1

Section 5. Reactivity Data

Stability/Polymerization: Acetic acid contracts slightly upon freezing and releases heat and
stable at room temperature in closed containers as long as temperatures are kept above freezing; even a slight contraction can
burst. Hazardous polymerization cannot occur. Chemical Incompatibilities: Attacks some forms of plastics, rubber, and coatings.
patibles include: acetaldehyde, S-azidotetrazole, 2-aminoethanol, ammonium nitrate, bromine trifluoride, chromic acid, chlorine trifluoride,
chlorosulfonic acid, dially-methy carbinol + ozone, ethylenediamine i i i

ide, potassium permanganate, nitric acid + acetone, oleum, perchloric acid, phosphorus trichloride, potassium r-butoxide, phosphorus i
and n-xylene. It can attack a wide variety of metals to release hydrogen gas. Conditions to Avoid: Contact with igniti

hydroxides, oxides, phosphates, and other incompatibles. Hazardous Products of Decomposition: Thermal oxidative decomposition of acetic
acid can produce carbon dioxide (C02). carbon monoxide (CO), and toxic, irritating vapors.

Copyright © 1992 Genium Publishing Corporation. Any ial use or reproducti

without the publish 's permission is prohibited.
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Section 6. Health Hazard Data

Carcinogenicity: The IARC, % NTP,) and OSHA®® do not list acetic acid as a carcinogen. Summary of Risks: Splashes of low acetic acid
concentrations as found in vinegar (4 to 10%) are painful to the eye and vapors are iritating to the respiratory tract. The skin is only mildly affected
by low concentrations; above 50% irritation becomes severe and leads to corrosion and blistering. Vapor from concentrated acid (glacial) is
extremely irritating and can cause bronchial constriction. Delayed breathing difficulties may occur. Chronic exposure causes continued inflamma-
tion of the respiratory tract, erosion of tooth ename} and darkening and thickening of the skin (usually hands). Target Organs: Eyes, teeth, skin,
respiratory system, (blood & kidney injury evident from ingestion only). Primary Entry Routes: Inhalation, skin and eye contact, ingestion.
Medical Conditions Aggravated by Long-Term Exposure: Skin and respiratory disorders. Acute Effects: Exposure to ~ 10 ppm for 8 hr has
caused eye, nose, and throat irritation; 50 ppm caused intensive eye watering and 100 ppm caused serious lung irritation and is intolerable to most
individuals. Splashes to the eyes are very painful, resulting in blood build up in the conjunctiva and possible injury to epithelium or permanent
opacification of the cornea. Acute skin contact with dilute solutions is only mildly irritating; concentrated solutions are highly corrosive causing
redness, blistering and severe burns. Ingestion is unlikely in an industrial setting but if it occurs, as little as 1 mL of the concentrated acid (glacial)
can cause perforation of the esophagus. Other ingestion symptoms include upper digestive tract ulcerations, bloody vomitus, diarrhea, shock, free
hemoglobin in the blood (due to red blood cell destruction), defective urination, uremia (accumulation in the blood of constituents usually excreted
in the urine), circulatory distress, and death due to coma. Chronic Effects: Vapor inhalation of 200 ppm for an unspecified number of years caused
edema (fluid buildup) around the eyelids, lymph node enlargement, blood buildup in the conjunctiva, inflammation of the pharynx, respiratory
passages, and mucous membranes, and tooth enamel erosion. Workers have complained of digestive disorders including heartburn and constipation.
Repeated skin contact causes dryness and cracking and eventually, thickening and darkening of the skin. Cuts and abrasions heal slowly.

FIRST AID  Eyes: Do not allow victim to rub or keep eyes tightly shut. Gently lift eyelids and flush immediately and continuously with flooding
amounts of water until transported to an emergency medical facility. Consult a physician immediately. Skin: Quickly remove contaminated
clothing. Rinse with flooding amounts of water for at least 15 min. Wash exposed area with soap and water. For reddened or blistered skin, consult a
physician. Inhalation: Remove exposed person to fresh air and support breathing as needed. Ingestion: Never give anything by mouth to an
unconscious or convulsing person. Contact a poison control center and unless otherwise advised, have that conscious and alert person drink 1 to 2
glasses of water to dilute. Do not induce vomiting! Note to Physicians: Treatment is symptomatic and supportive.

Section 7. Spill, Leak, and Disposal Procedures

Spill/Leak: Notify safety personnel, isolate and ventilate area, deny entry, and stay upwind. Cleanup personnel must protect against inhalation and
skin/eye contact. Shut off all ignition sources. Use water spray to reduce vapor and dilute spills to nonflammable mixtures (< 50% acetic acid); do not
get water inside container. Contain any wastewater. For smali spills, take up with earth, sand, vermiculite, or other absorbent, noncombustible material
and place in suitable container. Neutralize any residue by wiping up with sodium bicarbonate or soda ash solutions. For large spills, dike far ahead for
reclamation or disposal. Report any release in excess of 5000 Ib. Follow applicable OSHA regulations (29 CFR 1910.120). Ecotoxicity Values:
Mosquito fish, TLm = 251 ppm/24 hr; fathead minnow, LCsy =315 mg/L/1 hr, 122 mg/L/24 hr & 88 mg/L/96 hr; bluegill, TLm = 75 mg/L/96 hr.
Environmental Degradation: If released on land, acetic acid will spread on the surface and penetrate the soil at a rate dependent on soil type and
water content. In water, it is readily degradable and dilute solutions will neutralize 10 acetate salts, Acetic acid shows no potential for bicaccumulation.
Disposal: Neutralize with crushed limestone, soda ash, or lime; mix with a flammable solvent, and bun in an incinerator with an afterburner. Contact
your supplier or a licensed contractor for detailed recommendations. Follow applicable Federal, state, and local regulations.

EPA Designations OSHA Designations
Listed as a RCRA Hazardous Waste (40 CFR 261.21): Characteristic of ignitability Listed as an Air Contaminant
SARA Extremely Hazardous Substance (40 CFR 355), TPQ: Not listed (29 CFR 1910.1000, Table Z-1-A)

SARA Toxic Chemical (40 CFR 372.65): Not listed
Listed as a CERCLA Hazardous Substance* (40 CFR 302.4): Final Reportable Quantity (RQ), 5000 1b (2270 kg) [* per CWA, Sec. 311 (b)4)]

Section 8. Special Protection Data

Goggles: Wear protective eyeglasses or chemical safety goggles, per OSHA eye- and face-protection regulations (29 CFR 1910.133). Because contact
lens use in industry is controversial, establish your own policy. Respirator: Seek professional advice prior to respirator selection and use. Follow
OSHA respirator regulations (29 CFR 1910.134) and, if necessary, wear a MSHA/NIOSH-approved respirator. For <250 ppm, use any supplied-air
respirator (SAR) operated in continuous-flow mode or any powered, air-purifying respirator with appropriate organic vapor cartridges. For <500 ppm,
use any chemical cartridge respirator with a full facepiece and organic vapor cartridges, any SCBA or SAR with a full facepiece. For <1000 ppm, use
any SAR with a full facepiece operated in pressure-demand or other positive pressure mode. For emergency or nonroutine operations (cleaning spills,
reactor vessels, or storage tanks), wear an SCBA. Warning! Air-purifying respirators do not protect workers in oxygen-deficient atmospheres. If
respirators are used, OSHA requires a written respiratory protection program that includes at least: medical certificatio: , training, fit-testing, periodic
environmental monitoring, maintenance, inspection, Cleaning, and convenient, sanitary storage areas. Other: Wear chemically protective gloves,
boots, aprons, and gauntlets to prevent skin contact. Butyl rubber and Teflon with breakthrough times (BT) >8 hr, polyethylene and Neoprene with
BT >4 hr, and Viton are suitable materials for PPE. Ventilation: Provide general and Jocal exhaust ventilation systems to maintain airborne concen-
trations below the OSHA PEL. Local exhaust ventilation is preferred because it prevents contaminant dispersion into the work area by controlling it at
its source.'%) Safety Stations: Make available in the work area emergency eyewash stations, safety/quick-drench showers, and washing facilities.
Contaminated Equipment: Separate contaminated work clothes from street clothes and launder before reuse. Remove acetic acid from your shoes
and clean PPE. Comments: Never eat, drink, or smoke in work areas. Practice good personal hygiene after using this material, especially before
eating, drinking, smoking, using the toilet, or applying cosmetics.

-{ Section 9. Special Precautions and Comments

Storage Requirements: Store in glass or stainless steel containers, polyethylene carboys, or polyethylene-lined drums. Keep in a dry area above
freezing pt. (62 °F/16.6 °C) and away from ignition sources or oxidizers. Outside or detached storage is preferred. Periodically inspect containers.
Install Class 1, Group D electrical equipment. Engineering Controls: To reduce potential healthhazards, use sufficient dilution or local exhaust
ventilation to control airborne contaminants and to maintain concentrations at the lowest practical level. Administrative Controls: Consider

preplacement and periodic medical exams of exposed workers that emphasize the skin, eyes, teeth, and respiratory tract.

Transportation Data (49 CFR 172.101)

DOT Shipping Name: Acetic acid solution, > 10% but < than 80%,by Packaging Authorizations Quantity Limitations :
mass; Acetic acid, glacial or Acetic acid solution, > 80% acid by mass.  a) Exceptions: 173.154 a) Passenger Aircraft or Railcar: 1L
DOT Hazxard Class: 8 b) Non-bulk Packaging: 173202  b) Cargo Aircraft Only: 30L

{1ID No.: UN279((;), UN271189 ¢) Bulk Packaging: 173.242 Vessel Sto Req
DOT Packing Group: wage uirements
DOT Label: Corrosive a) Vessel § tA
Special Provisions: A3, A6, A7, A10, B2, T8 b) Other: 112; 12,21, 48

MSDS Collection References: 26, 73, 100, 101, 103, 124, 126, 127, 132, 133, 136, 139, 149, 153, 159, 162, 163, 164, 167, 168, 171, 174, 176

‘ capyri;uolmbyGe-‘uNNi:biuCuwmion.MywmwmmumsmﬁmhMJMnn&wlﬂl&ydhfmwﬁnrwhmm.,
m.nymepwm.u'uupouiumy.AhhomMmmmmhumamumm.mmewmw.mmmumm
ibility as 10 the acy or suiuability of such information for application $o the purchaser’s i ded purpose or for consequences of its use.

by: M Gannon, BA; Industrial H: Review: PA Roy, CIH, MPH; Medical Review: AC Darlin, MPH, MD




i RS T P T ). -
: K S LR S -
Huire li%f;; fg?f

o
<
>
>
ox
2%
e
3z
o
x
=
3%
p
a2
%

LK
by

rebre For oo

#

SIRTy MR ]

Peabis ¢ Aluminum

wodioy ol

[ T T N A Pl B (RS ey

the marnae

i

i andd

LR

Fowetir ot e

i OF S
R CINTATI- W I f 51 N
Moo detectable short-—term re

EY-TERNM (ESHTE p

honses. High concentrations of dust may be

phyeically irritating and canse deposits of dust in nas

BRI CONTACT o :
Fluminue dust generaily is not drriteating to the skin. May cavse irritation
by abrasicrn.

EYE CONTAST 3 o
Dust may deposit in the eves. Generally not irritating. Larger aluminum
particles may cause irritation due to abrasion.

IMGESTION =
Amount of aluminum swallowsd during exposure in the workplace should not
cause toxic effects. Swallowing large quantities of aluminum dust May cause

abrasive drritation of the stomach and intestine.
EFFECTS OF LONMG-TERM (CHREONIC) EXPOSURE

2l passages.




Fralongesd or oy

saposre bo Fine alumd num
; ieY. The degr
tration in the

anothe wooriople

e mas YoOCELEE SOarrin L&)

Pamens (o

AL LN T Om

Turg dndoe

furactiorn of

crb e oot
o
Lare

and eymploms o

Yeowma of

breathing, couohi e orowsine

s Fiavee
arved fum
CHEafay e

clhation with veEFir g

i I :

AR TR T Powr wicth

win o dust. . Aluminam
Tomay e s

@arly

s Lal s

i IR R4

o
i)

tor e
20 times Tl
Lweerr aluminum ard a bradir
O S CTEE G

te o alam
o1

Cthe boracin we

merr T ol e

VLY 1 s

R

LA E

ey repooben

FYOTORIOITY

IR TIPS B T

s roam

94

CME SV @ frim i

rigere o PEMONET sy e

onchamination or  move AL Coh
A IMahsin me

"
"

oooara, gently bhlot or beuieh H iy

chemr sl owd skl

Fluah the coriba
o by bhe
adice dmmediatel.,

4

b Lulasssorm, gent
the evelidis) open.

& ; ) CORSCLORENess oF
DOONOT DUTE VOMITING., Hawve i tim drink
to 10 o) of water to o3 luts matarial dn stomach. Obteadin
immediately., '

gl 4 e
FEIRET AT

voenesnlt & physician and/or the nearest Foioon Control Centre for
LOONELIEE

sSevere

¥k SECTION 5. FIRE FIGHTING MEPASURES %k

“LASH FOINT @
Mot applicable to solidg

LOWEF: FLAMMARLE (EXFLOSIVE) LIMIT (LFLALEL) =
Airborne dust can be ignited and may explode (&).

JEFFER FLAMMARLE (EXPLOSIVE) LIMIT (UFLZ7UEL)Y »
Mot aooplicable :




TOETETEC CHe

I H RS i

when evaduating the expliosion nazard of s spe
“hlaly the dmportant Tactore to o
ture of anw impurities, b

BRI NI

S

virouen ol

N I N o N o ,
v braticn, s

sdcer dnclud
dust oone

"
“

ailow to buen ood. Lee o

e doo oy wmociam ohlord

“
"

cart Fform explosive mistores

Lt Bull dust when
o ;

wo Hazard gre Al

yo e

FECTETE

L TN IR R )

%

{

AR TRD

" vnder fire concitions, would
CHLT ATy
e, metallic
| e iy Yok Mlust be PLnarn
ooou Caduminug
ME PRy 5 1

urnstabils
3 SELLIEE,
sy P

Caclumi ran,

meral i

i GETEDERNTML ®

a
“

AP

CLLUE i
CLES--UF

Do toweh apd L3

naterial. Stop or reduce Jear
Terdd o

to do so. Shovel
with water. Keep

e chiey

b Eo ey

arch  coneer .,

e . el clotbiineg, eto, atsy From eonidlled material.

CTEy 7., HANMDLING AMD STORAGE 4%
HANDL MG o
favold generating dust. Use dust-tight containers.
of dudt. Keep material away from sparks, flames
sowrces. Fost Mo Smolking . eigns in area of use
STORAGE & o
Store in a cool, dry, well-ventilated area, out of direct sunlight
from acids, caustics, oxidizing materials and chlorinated hydrocarbo
Keep away from heat and dgrnition HOUF Ce s .,
Store in labelled, dust-tight containers, kept closed when not in use and
empty. Frotect from damage. Keep powdered aluminum product dry.

Avoid any dust budld-up by frequent cleaning and suitable construction of
storage area. '

Frevent accumulations
and octher dgnition

w

%

away
i .




CONTIRO

g
NI T

=Y NN
AnProprd s

L

b conteroall

e For om

Py ma b s

7 ] e

nal,

applicablie regulations

o

tdadrig,

thod .,
1 R st d b o .
s B e A Yolle L.

TLLAL

Arialy i cal il

Fevz ardons G prcasy

: are praferved.,
e (aid dae

5 [f] .

@nd i
Ltiore,

telonis pa

[ w T

Loats wi

AP

N Y .l'.. i..

£ : gud takle |
ratory protection. Have
: oy

(S CIFEE

(0% B

LU ey

AT @

Consult chemd

rined
R =1 ey
Ttode

FROTEDT I

o chemi cal safety guogles.

worn Lo prevent excessive dust o

s ancl

MOE OF
Mosd common
of spwcific m
urid e d

culd provide adequate profection. MOTE
novary from product to product. Ewvaliuacte
and maintain clothing carefuliy.

SOMAL. PROTECTION COMMENTS =
Do not eat, drine, or smoke in work areas. Wash hands thoroughly after
al. FMedrntain good houselkeeping.

8 FOR PROTECTIVE CLOTHIMG

Fecsistance
resd gtan e

&y

¥k EXFOSURE GUIDELIMES %ok

WL LIMIT VaLUES (TLVe) / AMERTCAN COMFEFR

SNMCE QF



FEMTSTE (A0GETH

LIMITE (FELe:
T OCCURSTTOMAL

BN RRNIE]

..... ER A Chotal dust, b
Dresmpnrabile fr
‘ Fule Limite are
cort decdedonr .,
e now in foroe,

L.IFY
WS GO AT
FE L SRS O )
TEAWE BELGMTED i

T

] ivents. Forms eoluble
hydrochloric acid. Ingsoluble 4

Bl RN

y Not appilicable
8 Megligible &t 2% deg Gy 1 oo Ho a1 ,R04

[oad
Lo

e

: Mot applicable

2 Mot applicable

t Mot applicable

» R ATLIRE ¥ Mot available

COEFFICIENT OF OIL/WATER DISTRIRUTION (FARTITION COEFFICIENT) =
Mot applicable

kA SECTION 10. STABRILITY AND REACTIVITY Mok

STARILITY

Bulk solid is stable. Dust forms explosive mixtures in air. Bulk dust
damp may heat spontaneously. Hazard is greater as size of particles

when




T L ammad

aedely -

dily wher wed
it

bt s e e
: Lm0 deo 0.,
chunres

paodianee,  dodine monooh

T Tt S W 4
- W gee e op el . 200
s b b

Preescbing o Fedobd

sofalen

syl ol

wert w F L S

Wtk

Ihil VO
sluminum pon
dhue e

oy
il
From

ot Lo i

umk i pewcierr dd
Y

",

T
arvd micd,

LY ey

Cloeets ot Caue

studie

that aluamiviam 4o ot muraeesd o,

ECERLOGTOAL, THFORMATION K%
MOTE n This section ise uander desvelopmsrct.

ok SECTION 135, DYSPOEAL COMSTDERATIONS ¥:

Feview federal, provincial and local government el yeme e
disposal. Store material for disposael as indicated in section o Starage
Conditions. Disposal by landfill may be acceptable or aluminum may  be
recovered for recyeling. :

ok SECTION 14, TRANSPFORT IMFORMATION dokk

¥k TRANSFORTATION OF DANGEROLS GOODS (TDG) SHIFFING INFORMATION %k



Fdamcdroam powder
YRR LE0Y
L3

SRR TR (R e Tw TS

(341

... t

wmitﬁ Gases o becomss

veq:wturq mﬂdhcd;lt'

4 v

evalaation below.,

21 i refersnoe Llete.
WP Fd cdent dinformation
irnformation

Yo
JFlﬁﬁTUhﬁ TRAECT
Fietman v prl et ory
SEINM IRRITATION: Doss nol
FYF TRRTT&TTUN: Does not meast oriterdia
SKIN SENSITIZATION: Doe meet criteria .0
LL 858 E - CORRISIVE MATERIAL: Does not meet criteria
CLAaSE F - DaNGEROUSLY REACTIVE MaTERIAL: Does nol meet criteria

70 &
Dnmd roct mest criteria; not reported ag

Tocriheria

ke BECTION 1é6. - QTHER INFORFMATION ¥Kk

ECTED RBIPLIOGRSFHY
(1) Claytom, G.D.g Clayton, F.E., ede. Patty’'s industrial hygiene and




rice.

A0 carimey ok

Ved . B fvaoust

"
ek @l

arich s

T NEC ot




Material Safety Data Sheets Collection:
Genium Publishing Corporation ,

1145 Catalyn Street Sheet No. 297
Schenectady, NY 12303-1836 USA Barium and Compounds
(518) 377-8854

Issued: 4/90
Section 1. Material Identification CER LT

Barium and Compounds Description: Produced by reducing barium oxide with aluminum or silicon in a vacuum at high
temperature. The minerals barite (BaSO,) and witherite (BaCO,) are the primary sources of barium. Used as lubricant for
anode rotors in X-ray tubes; a deoxidizer for copper; an extender in paints; a loader for paper, soap, rubber, and linoleum;
a carrier for radium; a fire extinguisher for uranium or plutonium fires; a rodenticide; a stabilizer and mold Jubricant in the -
rubber and plastics industries; a flux for magnesium alloys; getter alloys in vacuum tubes; and in spark-plug alloys and

Frary's metal. Important barium compounds include carbonate (ceramics, rodenticide), sulfate (pigment and filler), HM
hydroxide (water treatment, ceramics), nitrate (pyrotechnics), chloride (chemicals), chromate (pigments), oxide (lubri- H
cants), and peroxide (bleach). F
Other Designations: CAS No. 7440-39-3; Ba. R
Manufacturer: Contact your supplier or distributor. Consult the latest Chemicalweek Buyers' Guidé™ for a suppliers list. l:P(

o=
S
w

Section 2. Ingredients and Occupational Exposure Limits

Barium, ca 100%

OSHA PEL NIOSH REL, 1987 Toxicity Data*
8-hr TWA: 0.5 mg/m? (Barium, soluble compounds, as Ba) None established None listed

ACGIH TLYV, 1989-90
TLV-TWA: 0.5 mg/m? (Barium, soluble compounds, as Ba)

* Monitor RTECS (CQ8370000) for additional future data.

Section 3. Physical Data*

Boiling Point: 2984 "F/1640 'C Molecular Weight: 137.33 g/mol T
Melting Point: 1337 "F/725 °C Specific Gravity (H,0 = 1 at 39 °F/4 °C): 3.51 at 68 "F/20°C
Vapor Pressure: 10 mm Hg at 1920 "F/1049 °C Water Solubility: Insoluble

Appearance and Odor: A silver white metal that is slightly lustrous and somewhat malleable.
Comment: Barium has a distinctive property of absorbing gases. ‘

* Physical data are for barium only.
Section 4. Fire and Explosion Data -« e : .
Flash Point: None reported I Autoignition Temperature; None reported | LEL: None reported UEL: None reported

Extinguishing Media: Do not use water or foam. For small fires, use dry chemical, soda ash, lime, or sand. For large fires, withdraw from are
and let fire bum.

Unusual Fire or Explosion Hazards: In the powder form, barium is flammable at room temperature. It is also explosive in the form of dust v
exposed to heat, flame, or by chemical reaction. The chiorate, peroxide, and nitrate compounds are reactive and may present fire hazards in
storage and use. v

Special Fire-fighting Procedures: Since fire may produce toxic fumes, wear a self-contained breathing apparatus (SCBA) with a full facepiex
operated in the pressure-demand or positive-pressure mode and fully encapsulating suit. Barium may ignite itself if exposed to air. Be aware o:
runoff from fire control methods. Do not release to sewers or waterways.

3 o 3 1T v

storage'and handling conditions (Sec.9). If the free metal is
exposed to air, an explosion hazard exists because hydrogen is liberated. Barium compounds are more stable than elemental barium. Hazardou
polymerization cannot occur. '

Chemical Incompatibilities: Barium reacts violently with water, carbon tetrachloride, trichloroethylene, fluorotrichloromethane, and tetrachic
rocthylene. This material is incompatible with acids, trichloroethylene and water, trichlorotrifluoroethane, 1,1,2-trichloro trifluoro ethane, and
flurotrichloroethane. Barium is extremely reactive and reacts readily with halogens and ammonia. Barium compounds are not as reactive as
clemental barium. See MSDSs 40, 119, 132, 173, 181, and 251 for specific chemical incompatibilities.

Conditions to Avoid: Avoid heating barium in hydrogen to about 392 °F/200 °C since it reacts violently and forms barium hydride (BaH,). A
explosion hazard exists if the frec metal is exposed to moist air or cold water because hydrogen is liberated.

Copyright © 1990 Genium Publishing Corporation.
Any commercial use or reproduction without the publisher’s permission is prohibited.
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Section 6; :Health Hazard Data Lo wnigmEie UL R o . TN
Carcinogenicity: Although the NTP, IARC, and OSHA do not list barium as a carcinogen, the IARC lists barium chromate (VI) as a carcinogen.
Summary of Risks: Barium presents mainly an explosion hazard. However, soluble compounds of barium by the oral route are highly toxic and
the fatal dose of the chloride has been stated to be 0.8 to 0.9 g. Death may occur from a few hours to a few days. The soluble barium compounds
exert a profound effect on skeletal, arterial, intestinal, bronchial, and particularly cardiac muscle. Effects on the hematopoietic system (responsible
for the formation of blood or blood cells in the living body) and the cerebral cortex are also noted. Poisoning may also occur if the dust of soluble
compounds is inhaled. Certain compounds of barium are irritants of the skin, eyes, and mucous membranes. Barium oxide and barium hydroxide,
strongly alkaline in aqueous solution, cause severe skin irritation and burns of the eye. Inhalation of insoluble barium produces a benign pneumo-
coniosis (baritosis). The half-life of barium in bone has been estimated at 50 days.

Medical Conditions Aggravated by Long-Term Exposure: None reported.

Target Organs: Skin, eyes, mucous membranes, lung, heart.

Primary Entry Routes: Inhalation of dust or fume, ingestion, skin or eye contact.

Acute Effects: Systemic absorption from ingestion causes gastroenteritis (inflammation of the stomach lining and the intestines), slow pulse rate
(heart may stop while contracting), muscle spasm, and hypokalemia (potassium deficiency in the blood). Inhalation causes coughing, bronchial
irritation, and pneumoconiosis. Contact with soluble salts causes dermatitis, irritation of the eyes and mucous membranes, and burns. During
radiological examination, intraperitoneal (in the abdomen) or intrathoracic (in the chest) barium sulfate contamination resulting from a complica-
tion rupture may cause a significant inflammatory response.

Chronic Effects: Although baritosis (caused by inhaling barium sulfate) produces nodular opacities on chest X-rays, there is no evidence of
clinical illness or bodily dysfunction.

FIRST AID .

Eyes: Flush immediately, including under the eyelids, gently but thoroughly with flooding amounts of running water for at least 15 min.

Skin: Quickly remove contaminated clothing. After rinsing affected skin with flooding amounts of water, wash it with soap and water.
Inhalation: Remove exposed person to fresh air and support breathing as needed.

Ingestion: Never give anything by mouth to an unconscious or convulsing person. If ingested, have a conscious person drink 1 to 2 glasses of
water, then induce vomiting. .

After first aid, get appropriate in-plant, paramedic, or community medical support.

Physician's Note: Consider using calcium gluconate for muscular spasms. Consider gastic lavage followed by saline catharsis if soluble barium
compounds are ingested. Institute cardiac monitoring for all sig_niﬁcant ingestions of soluble barium salts.

Section7. Spill, Leak, and Disposal Proceédtres :; 54

Spill/Leak: Notify safety personnel of spill. Immediately shut off all heat and ignition sources and evacuate hazard area. Cleanup personnel
should protect afainst dust inhalation and contact with skin, eyes, and mucous membranes. For small dry spills, use a clean shovel to place
material into a clean, dry container with a cover. For a laﬁc dry spill, cover with a plastic sheet to minimize spreading. For liquid spills, cover
with sand or other noncombustible material and place in disposal containers. Follow applicable OSHA regulations (29 CFR 1%10.1 0).

Disxosal: Contact your supplier or a licensed contractor for detailed recommendations. Follow applicable Federal, state, and local regulations.

EPA Designations* OSHA Designations *

RCRA Hazardous Waste (40 CFR 261.33): Not listed Listed as an Air Contaminant (29 CFR 1910.1000, Table Z-1)
CERCLA Hazardous Substance (40 CFR 302.4): Not listed

SARA Extremely Hazardous Substance (40 CFR 355): Not listed

Listed as a SARA Toxic Chemical (40 CFR 372.65)

Section 8. :Special Protection Data Y . i
Goggles: Wear protective eyeglasses or chemical safety goggles, per OSHA eye- and face-protection regulations (29 CFR 1910.133),
Respirator: Follow OSHA respirator regulations (29 8FR°%€10.134) and, if necessary, wear a NIOSH-approved respirator. For emergency or
nonroutine operations (cleaning spills, reactor vessels, or storage tanks), wear an SCBA.

Warning: Air-purifying respirators do not protect workers in oxygen-deficient atmospheres.

Other: Wear impervious gloves, boots, aprons, and gauntlets to prevent skin contact.

Ventilation: Provide general and local explosion-proof ventilation systems to maintain airborne concentrations below OSHA PEL and ACGIH
TLV (Sec. 2). Local exhaust ventilation is preferred since it prevents contaminant dispersion into the work area by controlling it at its source !9
Safety Stations: Make available in the work area emergency eyewash stations, safety/quick-drench showers, and washing facilities.
Contaminated Equipment: Never wear contact lenses in the work area: soft lenses may absorb, and all lenses concentrate, irritants. Remove this
material from l‘?!om' shoes and equipment. Launder contaminated clothing before wearing.

Comments: Never eat, drink, or smoke in work areas. Practice good personal hygiene after using this material, especially before eating, drinking,
smoking, using the toilet, or applying cosmetics.

g Precautions an EtS

Store under inert gas. pe?ﬁleum, or ;xyen-

*Designations for barium only.

free liquid in a incompatibles
(Sec. 5).
Engineering Controls: Barium metal itself presents mainly an explosion hazard. All engineering systems should be of maximum explosion-proof
design and electrically grounded and bonded. Use nonsparking tools. Proper storage is essential. Avoid dust inhalation and skin, eye, and mucous
membrane contact. All processes should be enclosed and/or exhaust ventilation installed to"kwp the dust concentrations below the recommended
levels. Practice good personal hygiene and housekeeping procedures. Preemployment and periodic medical examinations should be given to
workers exposed to barite dust. Prevent exposing individuals with respiratory disorders.

Transportation Data (49 CFR 172.102)

IMO Shipping Name: Barium alloys, pyrophoric
IMO Hazard Class: 4.2
IMO Label: Spontaneously combustible
IMDG Packaging Group: I
| ID No.: UN1854
MSDS Collection References: 7, 26, 38, 73, 85, 87, 89, 100, 103, 109, 123, 124, 126, 127, 133, 136, 138, 139
Prepared by: MJ Allison, BS; Industrial Hygiene Review: DJ Wilson, CIH; Medical Review: W Silverman, MD R
WOlmwﬁd-mwmmu;MthMMhmmtwuwﬂwmwfwlhpuch-u"lp-m
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@ One Genium Plaza Sheet No. 23
_ Schenectady, NY 12304-4690 USA . | Cadmium Metal/Powder
: (518) 377-8854

. Issued: 9/77 Revision: D, 5/93
Section 1. Material Identification - i i T o TR e A TN ST LR T FE
Cadmium Metal/Powder (Cd) Description: Occurs naturally in the mineral greenockite (cadmium sulfide). This

form is rare and most cadmium is obtained by extraction from other ores containing it as a mineral (lead, copper, HMIS R 3 4
and zinc). Zinc sulfide ores are the main source; by direct distillation or recovery from the electrolytic process. Used H 3* 1 4 v
in electroplating other metals, fire protection systems, nickel-cadmium storage batteries, power transmission wire, E g ls( % -
TV phosphors, pigments for ceramic glazes, machinery enamels, baking enamels, photography and lithography,

selenium rectifiers, electrodes for cadmium-vapor lamps, and photoelectric cells; as a fungicide and a Weston Geni
standard cell control of atomic fission in nuclear reactors. Solid :
Other Designations: CAS No. 7440-43-9, colloidal cadmium. HMIS R 1
Manufacturer: Contact your supplier/distributor. Consult latest Chemical Week Buyers’ Guide™ for suppliers list. H = 3* I 4 0
Cautions: Cadmium is a highly toxic metal. Symptoms may be delayed several hours and include pulmonary l]; 8 lS( % 9

edema (fluid in lungs) which can be fatal. Chronic effects include kidney damage. Cd is considered a carcinogen
by several government agencies. The powder is pyrophoric and presents a significant fire/explosion hazard.

*Chronic effects PPE-S
Section 2. Ingredients and Occupational Exposure Limits .~ .. . : Tl

Cadmium, ca 100% N
1992 OSHA PEL 1993-94 ACGIH TLVs 1992 Toxicity Datat
8-hr TWA: S pg/m® TWA: 0.01 mg/m® (total dust), Class A2 carcinogen Human, inhalation, LC, ,: 39 mg/m*/20 min caused
1992 OSHA SECAL* TWA: 0.002 mg/m? (respirable fraction) cardiac changes, thrombosis, and respiratory depres.
TWA: 15 or 50 ue/m® Rat, oral, LD,,: 225 mg/kg; details not reparted.

kit 1991 DFG (Germany) MAK Woman, inhalation, LC, ; 129 pg/m? for 20 continuo
1990 IDLH Level None established years produced lung tumors.

3 . 3 :

50 mg/m 1992 NIOSH REL Man, TCy,: 88 pg/m>/8.6 years caused kidney and ur

. toxicity with protein in the urine.
Carcinogen, keep as low as possible v pro
* Separate engineering control limit: to be achieved in processes and work places where it is not possible to adlie\"e the PEL through enginecring and work prac
alone. The SECAL for Cd is 15 or 50 pg/m? depending on the processes involved. See Federal Register 57 (178): 42222, Table VIII-B1, 9/14/92.

tSee NIOSH, RTECS (EU9800000), for additional mutation, reproductive, tumorigenic, and toxicity data.

‘Section 3. Physical Data = = .o

Boiling Point: 1409 °F (765 °C) Density: 8.642 _

Melting Point: 610 °F (321 °C) Water Solubility: Insoluble :

Vapor Pressure: 0.095 mm Hg at 609.6 °F (320.9 °C) Other Solubilities: Soluble in nitric (rapidly), hydrochloric (slowly),
Refraction Index: 1.13 other acids. The solid is soluble in ammonium nitrate solution, but t
Mohs Hardness: 2.0 powdered form undergoes an explosive reaction.

Molecular Weight: 112.4
Appearance and Odor: Silver-white, blue-tinged, lustrous, odorless, soft metal that is easily cut with a knife. The powder is grayish-white.
Section 4. Fire and Explosion Data e G

Flash Point: None reported Autoignition Temperature: None reported LEL: None reported UEL: None reported
Extinguishing Media: The solid metal is not flammable, but the finely divided powder is pyropharic. As a rule, the more finely divided the
powder is, the greater the potential for explosion. Use carbon dioxide, dry chemical, or sand. Unusual Fire or Explosion Hazards: Processes
create cadmium dust such as cutting, grinding, or welding present a serious explosion hazard in presence of ignition sources. Avoid creation of
cadmium dust clouds. Special Fire-fighting Procedures: Because fire may produce toxic thermal decomposition products, wear a self-contair
breathing apparatus (SCBA) with a full facepiece operated in pressure-demand or positive-pressure mode. Do not release runoff from fire cont
methods to sewers or waterways; dike for proper disposal. <.

Section 5. Reactivity Data:
Stability/Polymerization: Cadmium easily tarnishes in moist air as it is oxidized to cadmium oxide. The solid is stable in dry air. The powder i
pyrophoric. Cd becomes brittle at 176 °F (80 °C). Hazardous polymerization cannot occur. Chemical Incompatibilities: Include ammonium nit
(powdered Cd), hydrazoic acid, tellurium, zinc, ammonia, sulfur, selenium, nitryl fluoride, and oxidizing agents. Conditions to A void: Creation
Cd dust clouds, exposure to heat and ignition sources, and contact with incompatibles. Hazardous Products of Decomposition: Therma! oxidat

Carcinogenicity: The following agencies list Cd as a carcinogen: IARC Class 2A (probably carcinogenic in humans),"® NTP Class 2 (reasona’
anticipated to be a carcinogen),%) and NIOSH Class X (carcinogen defined without further categorization), ™ ACGIH TLV-A2 (suspected bu
carcinogen),('s”) EPA-B1 (Probable human carcinogen) and DFG MAK-A2 (uvnmistakably carcinogenic in animal experimentation only).159

Summary of Risks: Dust or fume inhalation generally results in acute symptoms delayed up to 24 hr. Effects include & flu-tike syndrome simil:
metal fume fever with chills, fever, and muscle pain in the back and limbs. Pulmonary edema (fluid in lungs) can develop after severe exposure «
may result in death. If victim recovers, residual changes may include lung fibrosis (thickening) and vascular changes. Long-term exposure to Cd
damages the liver and kidneys (accumulates, half-life = 7 to 30 y1). Proteinuria (protein in urine) of low molecular weight is the first sign of tubu
dysfunction. Excess urinary glucose is also seen. Bone demineralization similar to osteoporosis (decreased bone density)... S

Copyright © 1993 Publishing Corp Asy Woe OF ref withost the peblisher’s permission is prohibited.
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Section 6.-34-Hzalﬂl,,Hazard Data, continued . - e

occurs nof as a direct effect of Cd exposure, but indirectly by altering kidney regulation of calcium and phosphorus which are needed for strong,
bealthy bones. Some studies show a correlation between anemia (low bemoglobin in blood) and high Cd levels. Selenium (Se) and zinc (Zn) appear
to suppress Cd toxicity; Se binds up Cd, preventing it from entering body tissue and Zn may compete for the same metabolic site. Medical Condi-
tions Aggravated by Long-Term Exposure: Kidney, blood, or respiratory disorders. Target Organs: Blood, kidney, liver, respiratory system.
Primary Entry Routes: Inhalation, ingestion. Acute Effects: Inhalation may cause irritation of the eyes, nose, and throat, nausea and vomiting,
abdominal colic, diarrhea, chest tightness, cough, headache, and weakness. Pulmonary edema could develop un to 24 hr post exposure. Kidney
damage may occur after acute exposures, but is more likely with chronic exposure. Chronic Effects: Symptoms may be delayed several years after
last exposure and include perforation of the nasal septum (tissue between the nostrils), loss of smell, chronic bronchitis, severe progressive emphy-
sema, anorexia, insomnia, fatigue, pallor, anemia, kidney damage, bone demineralization, lung fibrosis and possible cancer of the respiratory tract.
FIRST AID

Eyes: Do not allow victim to rub or keep eyes tightly shut. Gently lift eyelids and flush immediately and continuously with flooding amounts of
water until transported to an emergency medical facility. Consult a physician immediately.

Skin: Quickly remove contaminated clothing. Wash exposed area with soap and water,

Inhalation: Remove exposed person to fresh air and support breathing as needed.

Ingestion: Never give anything by mouth to an unconscious or convulsing person. Contact a poison control center. Unless otherwise advised, have
that conscious and alert person drink 1 to 2 glasses of water to dilute. Do not induce vomiting because of cadmium'’s irritating nature.

Note to Physicians: 8-2 microglobulin excretion of > 200 pg/g creatinine indicates kidney dysfunction as does a renal cortex [Cd] of 180 to 220
g/g of wet kidney cortex. Blood Cd levels are not indicative of exposure.

Section7. Spill, Leak, and Disposal Procedures. |~ =

Spill/Leak: Notify safety personnel, isolate and ventilate area, deny eatry, and stay upwind. Shut off ignition sources. Cleanup personnel should
protect against inhalation. Carefully scoop up small spills and place in sealed impermeable containers. Do not disperse dust by sweeping.
Remember that Cd powder can be pyrophoric and must be handled carefully. Prevent entry into sewers, drains, and waterways. Follow applicable
OSHA regulations (29 CFR 1910.120). '
Disposal: Contact your supplier or a licensed contractor for detailed recommendations. Follow applicable Federal, state, and local regulations.
EPA Designations o

Listed as 2 RCRA Hazardous Waste (40 CFR 261.24): D006, Characteristic of Toxicity; regulatory level = 1.0 mg/L

Listed as a CERCLA Hazardous Substance* (40 CFR 302.4): Final Reportable Quantity (RQ), 10 1b (4.54 kg)t [* per CWA, Sec. 307(a)]
SARA Extremely Hazardous Substance (40 CFR 355), TPQ: Not listed

Listed as a SARA Toxic Chemical (40 CFR 372.65)

OSHA Designations

Listed as an Air Contaminant (29 CFR 1910.1027)

1 No reporting of releases of this substance is required if the diameter of the picces of the solid metal is equal to or exceeds 100 pum (0.004 in.)
Section8. Special ProtectionData - G

Goggles: Wear protective eyeglasses or chemical safety goggles, per OSHA eye- and face-protection regulations (29 CFR 1910.133). Because
contact lens use in industry is controversial, establish your own policy. Respirator: Seek professional advice prior to respirator selection and use.
Follow OSHA respirator regulations (29 CFR 1910.134) and, if necessary, wear 2 MSHA/NIOSH-approved respirator. For any detectable concen-
tration, use a SCBA or supplied air respirator (with auxiliary SCBA) with a full facepiece operated in pressure-demand or other positive-pressure
mode. For emergency or nonroutine operations (cleaning spills, reactor vessels, or storage tanks), wear an SCBA. Warning! Air-purifying respira-
tors do not protect workers in oxygen-deficient atmospheres. If respirators are used, OSHA requires a written respiratory protection program that
includes at least: medical certification, training, fit-testing, periodic environmental monitoring, maintenance, inspection, cleaning, and convenient,
sanitary storage areas. Other: Wear gloves, boots, aprons, and gauntlets to prevent Cd dust from contacting skin. Ventilation: Provide general and
local exhaust ventilation systems to maintain airborne concentrations below the OSHA PEL or SECAL (Sec. 2). Lunchroom facilities should not
have concentrations above 2.5 jig/m? at any time. Local exhaust ventilation is preferred because it prevents contaminant dispersion into the work
area by controlling it at its source.(!%) Safety Stations: Make available in the work area emergency eyewash stations, safety/quick-drench showers,
and washing facilities. Contaminated Equipment: Separate contaminated work clothes from street clothes; launder before reuse. Remove Cd from
shoes and clean PPE. Comments: Never eat, drink, or smoke in work areas. Practice good personal hygiene after using Cd, especially before eating,
drinking, smoking, using the toilet, or applying cosmetics.

‘| Section 9. Special Precautions and Comments | L

Storage/Handling Requirements: Store in a cool, dry, well-ventilated area away from beat, ignition sources, and incompatibles. Do not allow
cadmium dust to build up in storage area.

Engineering Controls: To reduce potential health hazards, use sufficient dilution or local exhaust ventilation to control airborne contaminants and
to maintain concentrations at the lowest practical level.

Administrative Controls: Prohibit workers from removing Cd from protective clothing and equipment by blowing, shaking, or any other means
that disperses Cd into the air. Employees must not enter eating facilities while wearing PPE unless it is vacuumed with a HEPA. Consider preplace-
ment and periodic medical exams of exposed workers emphasizing the blood, kidoeys, liver, and respiratory system. Educate workers on

Cadmium’s carcinogenicity. Transportation Data (49 CFR 172.101) ‘

DOT Shipping Name: Poisonous solids, n.0.5.*, Packaging Authorizations Quantity Limitations '
Pyrophoric metals, n.o.s.t a) Exceptions: 173.153*, Nonet ) Passenger Aircraft or Railcar: 100 kg*,

DOT Hazard Class: 6.1*, 4.2+ b) Non-bulk Packaging: 173.213*, .187¢ Forbiddent

ID No.: UN2811*, UN1383+ ¢) Bulk Packaging: 173.240%, .242¢ b) Cargo Aircraft Only: 200 kg*, Forbiddent

DOT Packing Group: III*, It

DOT Label: Keep away from food*, Spontaneously Combustiblet Vessel Stowage Requirements

Special Provisions (172.102): —*, B11+ a) Vessel Stowage: A*, Dt

* Solid metal, + Powder b) Other: -

MSDS Collection References: 26, 73, 100, 101, 103, 124, 126, 127, 132, 133, 136, 139, 148, 159, 167, 169, 183, 185, 186

Prepared by: M Gannon, BA; Industrial Hyglene Review: PA Roy, MPH, CIH; Medical Review: TW ‘Thoburn, MPH, MD
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Material Safety Data Sheets Collection.
Genium Publishing Corporation
@ One Genium Plaza - Sheet No. 22
Schenectady, NY 12304-4690 USA Calcium Oxide
(518) 377-8854
Issued: 9/78 Revision: D, 9/92

[Section 1. Material Identification

| scrubbing agent to remove sulfur dioxide emissions from smoke stacks; for clarification of beet and cane sugars, dehairing

Calcium Oxide (CaO) Description: Derived by kiln roasting limestone (CaCO3) at 2762 °F (1517 °C) to drive off the R
carbon dioxide (CO,). Used in manufacture of aluminum, magnesium, steel, glass, paper, industrial chemicals, mortar, I
plaster, and chlorinated lime for bleaching; in fungicides, insecticides, lubricants and flotation of non-ferrous ores; as a i

O W W -

hides for leather and for water and sewage treatment. ‘
Other Designations: CAS No. 1305-78-8, burnt lime, calcia, calx, lime, pebble lime, quicklime, unslaked lime. HNM
Manufacturer: Contact your supplier or distributor. Consult latest Chemical Week Buyers’ Guide™ for a suppliers list. H

Cautions: Calcium oxide dust is irritating and forms corrosive calcium hydroxide when in contact with moist body surfaces or with l: l(’:lt
water. Serious burns or sight loss may result if treatment is not immediate. The crystal form is less reactive with water than the powder
which can generate temperatures as high as 1470 °F (800 °C). . + 8¢

Section 2. Ingredients and Occupational Exposure Limits

Calcium Oxide, ca 95%; impurities include calcium carbonate, cobalt, nickel, magnesium, iron, aluminum oxide, and crystalline silica.

1991 OSHA PEL 1990 NIOSH REL 1992-93 ACGIH TLV 1990 DFG (Germany) MAK 1985-86 Toxicity Dat:

8-hr TWA: 5 mg/m? 10-hr TWA: 2mg/m®>  TWA: 2 mg/m? TWA: S mg/m? None reported
Category I: local irritants

* Monitor NIOSH, RTECS (EW3100000), for future data.

Section 3. Physical Data

Boiling Point: 5162 °F (2850 °C) Specific Gravity: 3.37 at 77 °F (25 °C)
Melting Point: 4737 °F (2614 °C) Water Solubility: Reacts exothermically to form caustic calcium

Vapor Pressure: ~0 mm Hg hydroxide solution. 1g dissolves in 835 mL at 77 °F (25 °C), 1g/167(
pH: 11.7t0 12.5 mL at 212 °F (100 °C)
Molecular Weight: 56.1 Other Solubilities: Soluble in acids, glycerol, and sugar solution.

Appearance and Odor: Odorless crystals, white or grayish-white lumps, or granular powder. Commercial brands may have a yellow or browr
due to iron content. It becomes incandescent when heated near its melting point.

Section 4. Fire and Explosion Data

Flash Point: Noncombustible [ Autoignition Temperature: Noncombustible | LEL: None reported | UEL: None reported

Extinguishing Media: Calcium oxide is noncombustible but in contact with water can generate sufficient heat to ignite other combustibles (vic
ignition of sulfur, straw, gunpowder, and wood are reported). To fight fires use dry chemical, fog, or foam. Do not use carbon dioxide or halog:
nated agents (i.e., Halon). Use water only if there is enough to flood fire and absorb all heat generated by the calcium oxide + water reaction.
Unusual Fire or Explosion Hazards: Calcium oxide crystals react slowly with water but the powder can explode violently. Bulk dust may he:
spontaneously on becoming only slightly damp. Use water carefully around calcium oxide!

Special Fire-fighting Procedures: Because fire may produce toxic thermal decomposition products, wear a self-contained breathing apparatus
(SCBA) with a full facepiece operated in pressure-demand or positive-pressure mode. Structural firefighter's protective clothing will provide or
limited protection. Apply cooling water to sides of containers until well after fire is out. Stay away from ends of tanks. Do not release runoff fc
fire control methods to sewers or waterways. '

Section 5. Reactivity Data =~ ,

Stability/Polymerization: Calcium oxide will react with water (forming calcium hydroxide) and carbon dioxide [forming calcium carbonate
(chalk)] if exposed to air. Containers can swell and burst if moisture gets in. Hazardous polymerization cannot occur.

Chemical Incompatibilities: Reacts with water to form calcium hydroxide and heat [(up to 1470 °F (800 "C)}, with carbon dioxide to form
calcium carbonate (chalk). Incompatible with ethanol, boric oxide + calcium chloride, and interhalogens such as boron trifluoride, chlorine
trifiuoride, fluorine, hydrofluoric acid, phosphorus pentoxide, perchlorates, nitrates, and permanganates.

Conditions to Avoid: Avoid excessive dust generation, exposure to air (water and carbon dioxide) and other incompatibles.
Hazardous Products of Decomposition: None known. . S

Section 6. Health Hazard Data

Carcinogenicity: The IARC,'* NTP,(') and OSHA$%) do not list calcium oxide as a carcinogen. One of calcium oxides' impurities, crystall
silica is considered an IARC Class A-2 (sufficient animal evidence, insufficient buman evidence) and a NIOSH Class X (carcinogen with no fu
classification) carcinogen. o
Summary of Risks: Calcium oxide powder is highly corrosive to moist skin, eyes, and mucous membranes of the digestive and respiratory trac
Irritant and corrosive effects are due to the formation of alkaline calcium hydroxide when it contacts water/moisture. If treatment is not immedi
permanent damage can result.
Medical Conditions Aggravated by Long-Term Exposure: Possibly, bronchitis or other chronic respiratory problems. Target Organs: Eye:
skin, nails, respiratory system. Primary Entry Routes: Inhalation, skin and eye contact. Acute Effects: Dust inhalation can cause upper respi
tory tract inflammation and irritation (lower respiratory tract is usually only affected at high concentrations), .

. Continue on nex:

Copyright © 1992 Genium Publishing Corporation.
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No.22 Calcium Oxide 9/92 _
Section 6. Health Hazard Data

pneumonia, nasal septum perforation, cough, sneezing, and risk of pulmonary edema (fluid in lungs). Skin contact causes itching and if skin is
moist symptoms include a slippery, soapy feeling, burning, ulceration, irreparable tissue damage, and state of shock. Ingestion causes immediate,
intense burning in the mouth, throat and stomach (white color of mouth mucous membranes), throat swelling, increased salivation and drooling,
vomiting (coffee grounds like material due to digestive hemorrhage), stomach cramps, state of shock, diarrhea (possibly blood stained), risk of
stomach perforation, unconsciousness, and death. Eye contact produces severe irritation and burns, watering, eye and lid perforation, eyesight or
eye loss. Chronic Effects: Repeated inhalation of small amounts can cause perforation of the nasal septum (tissue between nostrils), and repeated
skin contact can cause dermatius and fissuring with brittleness and cracking of the nails.
FIRST AID
Eyes: Do not allow victim to rub or keep eyes tightly shut. Immediate treatment is necessary; if only one eye is contaminated but first aid is not
immediate, the other eye may be lost as well even though the CaO has not contacted it! Gently lift eyelids and flush immediately and continuously
with flooding amounts of water until transported to an emergency medical facility; pay close attention to the conjunctival sacs where CaO tends to
' form clumps. Consult an ophthalmologist immediately. Skin: Quickly remove contaminated clothing. Rinse with flooding amounts of water until
slippery-soapy feeling disappears (may take >1 hr). Wash exposed area with soap and water. For reddened or blistered skin, consult a physician.
Inhalation: Remove exposed person to fresh air and support breathing as needed. Ingestion: Never give anything by mouth to an unconscious or
convulsing person. Contact a poison control center. Unless the poison control center advises otherwise, have that conscious and alert person drink 1
to 2 glasses of water or milk to dilute. Do not induce vomiting.
After first aid, get appropriate in-plant, paramedic, or community medical support.
Note to Physicians: Immediate treatment is necessary.

Section 7. Spill, Leak, and Disposal Procedures

Spill/Leak: Immediately notify safety personnel, isolate and ventilate area, deny entry, and stay upwind. Cleanup personnel should protect against

inhalation and skin/eye contact. Water spray may be used to control dust but measures should be taken to control the resulting heat that will

generate. For small spills, do not dry sweep! Scoop spill into suitable container and damp mop residues or vacuum (with a high efficiency particu-

late filter). For large spills, contain material - waste lime may be used for neutralization of waste acids. Follow applicable OSHA regulations (29

CFR 1910.120). Ecotoxicity Values: Mosquito fish, TLm = 240 ppm/24 hr; Sunfish, 100 ppm/3 hr is toxic; vector snail, 300 ppm/24 hr is lethal.

Disposal: In situ amelioration - neutralize with sodium hydrogen carbonate or carbon dioxide. Consider using waste lime for neutralizing facility

acid wastes. Contact your supplier or a licensed contractor for detailed recommendations. Follow applicable Federal, state, and local regulations.

EPA Designations .

Listed as a RCRA Hazardous Waste (40 CFR 261.33): No. D003, Characteristic of corrosivity

Listed as a CERCLA Hazardous Substance, “Unlisted Hazardous Waste, Characteristic of corrosivity”* (40 CFR 302.4): Reportable Quantity (RQ),
100 Ib (45.4 kg) [* per RCRA, Sec. 3001)

SARA Extremely Hazardous Substance (40 CFR 355), TPQ: Not listed

SARA Toxic Chemical (40 CFR 372.65): Not listed

OSHA Designations

Listed as an Air Contaminant (29 CFR 1910.1000, Table Z-1-A)

Section 8. Special Protection Data ,

Goggles: Wear protective eyeglasses or chemical safety goggles, per OSHA eye- and face-protection regulations (29 CFR 1910.133). Because
contact lens use in industry is controversial, establish your own policy. Respirator: Seck professional advice prior to respirator selection and use.
Follow OSHA respirator regulations (29 CFR 1910.134) and, if necessary, wear a MSHA/NIOSH-approved respirator. For < 10 mg/m’, use a dust
mask. For < 50 mg/m> use any powered, air purifying respirator with a high efficiency particulate filter or supplied-air respirator (SAR). For < 100
mg/m?, use any SCBA or SAR with a full facepiece. For < 250 mg/m?, use any SAR operated in pressure-demand or other positive pressure mode.
For emergency or nonroutine operations (cleaning spills, reactor vessels, or storage tanks), wear an SCBA. Warning! Air-purifying respirators do
not protect workers in oxygen-deficient atmospheres. If respirators are used, OSHA requires a respiratory protection program that includes at least:
medical certification, training, fit-testing, periodic environmental monitoring, maintenance, inspection, cleaning, and convenient, sanitary storage
areas. Other: Wear chemically protective gloves, boots, aprons, and gauntlets to prevent skin contact. Polyvinyl, rubber, or neoprene or suitable
materials for PPE. Ventilation: Provide general and local exhaust ventilation systems to maintain aitborne concentrations below the OSHA PEL
(Sec. 2). Local exhaust ventilation is preferred because it prevents contaminant dispersion into the work area by controlling it at its source.(103)
Safety Stations: Make available in the work area emergency eyewash stations, safety/quick-drench showers, and washing facilities. Contami-
nated Equipment: Separate contaminated work clothes from street clothes and launder before reuse. Remove this material from your shoes and
clean personal protective equipment. Comments: Never eat, drink, or smoke in work areas. Practice good personal hygiene after using this mate-
rial, especially before eating, drinking, smoking, using the toilet, or applying cosmetics.

Section 9. Special Precautions and Comments .

Storage Requirements: Prevent physical damage to containers. Store in glass rather than plastic containers, in a cool, dry, well-ventilated area
away from incompatibles (Sec. 5). Periodically inspect containers for cracks. Keep CaO containers out of reach from safety showers or sprinkler
systems because of the dangerous reaction that occurs when CaO contacts water. CaO is not combustible but when contacti g water it may generate
sufficient heat to ignite other combustibles. Thus, keep CaO away from combustibles and water sources such as safety showers and sprinkler
systems. Engineering Controls: To reduce potential health hazards, use sufficient dilution or local exhaust ventilation to control airborne contami-
nants and to keep levels as low as possible. Enclose processes and automatically transfer Ca0Q gmndnmnsorotherdorAgeconniwstoprocess
containers. CaO may be corrosive to some equipment and cause excessive scaling. Administrative Controls: Consider preplacement and periodic
medical exams of exposed workers that emphasize the skin, eyes, and respiratory tract (including lung function tests, FEV & FVC).

Transportation Data (49 CFR 172.101)

DOT Shipping Name: Calcium Oxide Packaging Authorizations Vessel Stowage Requirements

DOT Hazard Class: 8 a) Exceptions: 173.154 a) Vessel Stowage: A

ID No.: UN1910 b) Non-bulk Packaging: 173.213 b) Other: --

DOT Packaging Group: III c) Bulk Packaging: 173.240 Quantity Limitations

DOT Label: Corrosive ) 8) Passenger, Aircraft, or Raflcar: 25 kg
Special Provisions (172.102): -- b) Cargo Aircraft Only: 100 kg

MSDS Collection References: 26, 73, 89, 100, 101, 103, 124, 126, 127, 132, 133, 136, 140, 148, 149, 153; 159, 163, 164, 167, 180
Prepared by: M Gannon, BA; Industrial Hygiene Review: D Wilson, CIH; Medical Review: AC Darlington, MD
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EFFECTS OF SHORT-TERMN (ACUTE) EXFOSURE =

AL AT T ,
Chromiam metal dust appears to have low toxicity by &1l routes of
occupstional sxposwwre. There 1s very little published information an the
toxic effects of chromium metal, but the metal ¥s practically insoluble and
unreactive in the body. Howesver, exposure to metal dust usually occurs
during operations such as cutting, grinding and welding, which often involve
exposure lo hezerdous dusts and fumes of chromium compounds  and other
materials. Chromium dust can probably cause coughing and mild temporary
irritation (non-specific dust effects).

SKIM COMTACT =
Dust is not drritating to the skin, but use of rigorous washing procedures
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CERD COMNTACT =
T odreitataion o
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I deritation peresists, obtain medical advice immediately.
EYE CONTALIT @
If drritation ocours, immediately Flush the contaminsted evsia) with
lukewars, ently flowing water for 10 minutes, by the clock, hwlding the
eyvelid(s) open.
IF drrvitation persisits, repeat flushing.
Obtadin medicel advice immediately.

INGESTION = .
Hawve victim rir month thoroughly with water.
DO, HOT IHDUCE VOMITING. Have victim drink 240 to 300 ol (8 to 10 oz.) of
water.

eyl e ced . remove source of
{ ioadvice immediateld .

curs, wash gently and thorouwghly with water anag
o
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PAMDLIME 2
Arvcid generating dust.,
Labal contzarners. Keeop
containers may contain
ATORAGE &
(Recommendsations for chromium powder or dust. Some recommandstions may
alew appiy Lo other forms: of chromium metal )
Store in & dry, well-ventilated area.
Store away from incompatible materials such as oxidizing materials.,
Store in suitable, labelled containers. Keep containers tiohtly closed
when not in ase and when emply. Frotect from damage.

closed when not in wse.  Eepty
which are hazardous. :
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spdrator exceplt single-—uws
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6

plrvator with dust zng mist

L TO 12.5% agsmbs  Fowered aidr-puarifving re
filter(s)s or S5 operated in & continuouns-flow mode.

UF 7O 2% mgrmis  Full-facepiece respirator with high-efficisncy particuleate
filter(s)s or powered air-purifying respirator dith tightwfittinq‘facepiece
and high-efficiency particulate filter(s)s or full-facepiecs SCRAL or
full—facepiece SaR.

UF TO 509 mg/m3s Positive pressure, full-facepiece SAk.

EMERGENCY OR PLANNED ENMTRY INTO UMKNOWN COMCENTRATIONS OR IDLH CONMDITIONS:
Fositive pressure, full-facepiece SCRAR or positive pressure,
full-facepiece 5AR wilh an auxiliary positive pressure SCRA.

ESCAFE: Full-facepiece respirator with high—efficiency particulate

1
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CF TRl Nu“T MTV A QRCUFATIOMAL

SAFETY AHD

-

TR WETGHTED AVERAGE fPHL~TMﬁJ 2L o mgs/mS (as Or)

HMOTE s The OSHA FEL Final Rule Limits are,curfently
non-entforceable due 1o a court decision. The OSHA
FEL Transitional Limits are now in force.

¥ FERMISSIELE EXROSURE LIMITS (FELs)
TRENSITIONAL LIMITS /7 OCCUFRATIONAL
SEFETY AND HEALTH ADMINISTRATION (0SHA) X
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FREITATION (rabrit)s  Chromdom metal doplanted into rapbits’ eves was
’ el while under observation for one year.(é)

Tye In a series of sludies, rats were indected with powdered
@ number of tumours was not significantly areater in the teset
animedls than in controls. Similar results were observed in exzperiments
with mice. When tested on rabbits., one of three animals developed a
tumour. (1) .

IARC evaluation of the carcinogenicity of chromium metal to experimental
animales inadeguate evidencos. (i

¥Rk SECTION 12. ECOLOGICAL INFORPATION Xk

MOTE & This section is under development.
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LOGRAPHY  »
Fonographe an the evaluation of the

aroinogentoc risk of
chemicaie to humans.  Vol.o 23. I8R5, 1980, p. 2055023

”y

(&) Hawley's condensed chemical dictionary. 13ith ed. VYan Nostrand
Reinhold, 1%87. p. £80 S o

(3) The FMerck indexs: an encyclopedia of chemicale, drugs. and
biclogicals. 10th ed. Merci. 19835. p. 317

(42 HBDE record for chromium. Complete update on OI/70B/788: printed 198%
Gl 20

(3) FErowning, E. Toxicity of industrial metals. 2nd ed. Butterworths,
1269, p. 119131

{6y Grant, W.PM. Toxicology of the eyve. 3rd ed. Charles C. Thomas,
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s Copper

A FOTEMT S, HESLTH EFFECTS

LTIV T I D N 2 W E5E

wiarary drritation of the nose and throat. METAL
hly formed copper fumes (primarily copper oxide)
by Tine copper dust may zxleso cause this disess
in & e A8 howrs and inciuwde headache, metallic taste in
the aweathn, oo thiregt, throatirritation. shortness of breath, fever,
sweating and pai in the legs and chest. The illness is not fatal and
recovery occurs within two days. No permanent effects are known. Metal fume
fever has been reported at concentrations of 0.1 mg/m3 copper.(10) Studies
in British coppsr refining operations indicate that no i1l effects occur at
e Fomes meentrations below 0.4 mg/m3.(14) Since the vapourization
(b(lJJnu podnt of copper is high (259% deg C). it is rare that these fumes
Vt'FHLUUHtﬁVﬁé in indu%*ry (11) Finely divided coppPr dust is more common]

#ite drnh
Sympploms

tv metals such as armontc mhd lead. (11)
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TERASTOGEMICIYY . H
B hnauman dnctormation available. Animal teste are .

FERODUTIVE TOXE
Mo drnformation available

FLITAGENICYTY =
Mo informatiorn available

TOXICOMOGICALLY SYHERGISTIC MaTERIALS o
Mo informaticn available R

FOTENMTIAL FOR ACCUMULATION =
Copper, in the form of verious copper compounds, is an essertzal nutrient
and concentration ise normally balanced din the body. Copper compounds arve
rnormally excreted in the feces, sweat and to a small extent, the urine.
Accumulation in the hair, nails, skin, eyes, liver, muscles and brain can
oceur. (&)

N "
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Mot applie I ..
COIRUST TN AND THERMFAL DECOFFOSITION FRODLUCTS @

Copper oxide
FIRE HAZARDE COMFENTS «
Copper in any form does
EXTIMGUISHTNG MEDIA »
Mot eapplicable. Use medis suitable to fight fire in surrounding area.
FIRE FIGHYING INSTRUCTTONS : T
Mot applicable

ot normally burn.

* »

i34

¥k 5

CTION &, ATCIDENTAL RELEASE MEASURES k%

FRECAUTIONS @
*Dust or powder: Restrict access to area until completion of clean—up. Ensure
clean—up is conducted by trained personnel only. Wear adequate personal
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tvw TOFY — MIDSH Manwel of
swelding and breazing fume:
“ . sl Fethor Vol. 23 70289 (copper, dust
41UQH hunuul ot i L Methods.  3rd ed. Yol. 1L
PMETHOD (S 0 IMISOFEC - Copper dust and misty IMISOFIL ~ Coppsr fume
I COMTROLE :
Enginecsring methods 1o control hazardous conditions are prefoerred. Methods
include mechanical ventilation (dilution and local exhaust), prucenr or
personnel enclosure, contrel of process conditiedns, and proces
modification. Adminislrative controls and personal protective equipment Mmay
also be required. Use local exhaust ventilation, and process enclosure if
necessary, to contrel airborne dust or fume. Locate dusl collectors cutside
or where permitited by regulation. Supply sufficient replacement air to make
up for air removed by exhaust system.
FERSOMAL. FROTECTIVE EQUIFFEHMT =@
If engineering controls and work practices are not effective in cortrolling
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o prevent s corvbant,

table. Most materials commonly used on
ciothing are probabiy adecuate. Contact the manufacturerssupplier
1o advice.,

ROONAL. FROTECTION COMMENTS 2

Do not eat, smoke or drink in work areas. Wash hands thorowghly after
handiing this material. Maintain good housekeeping. o

¥k EXFOSURE GUIDELINES XX

¥ OTHRESHOLD LIMIT VALDES (TiWs) /7 AMERICAN CONFERENCE OF
GOVERMFENTAL IHDUSTRIAL HYGIEMISTS (ACGIH) / 199394 %
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¥Rk SECTION 10. STARILITY ahD REACTIVITY *¥X

STARTLITY @

Stable material. May turn green on prolonged cornteact with air due to
formation of cupric carbornate.(4)

HEZARDOUS POLYMERIZATION =
Dess not occur

HAAZARDOUS DECOMFOSITION FRODUCTS
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¥AEE SECTION 14, ThAM:

#% TRAMSFORTATION OF DOANGEROUS GUODE (TG SHIPFING INFOERMATION dok

Thiz chemical is not specifically listed in the Canadian Traneportation of
Dangerous Goods Regulations. Howsver it may be regulated as a part of a
chemical family or group Not Otherwise Specified (M.0.85.) (e.q. LIQUID DYES
Moliefede  Comnsult the reoulation.

MOYTE 8

2 information incorporates Schedule Mo. 18 amendments to
Trangportation of Dangerous Goods act, 1992, effective
October 1, 1994. ' :
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Unit Of Issue Container Qty:
Type OFf Containers

Met Unit Weights

MRC/State License Mumbers
Netl Explosive Weight:

Met Fropellant Weight-Ammo:

Coast Guard ammunition Codes.
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Health Hazard Data

LDGO-LCHO Mixturer MNAK (FF WM/0RML)
Route Of Entry ~ Inhalationz YES

Route OFf Entry - Skins YES

Route OFf Entry - Ingestion: YES

Health Haz acute and Chroenics: SEE SIGNS AND SYMFTOMS OF OVEREXFOSURE.




ErRy

s I

[T )

I

i

E RS LT

IS .
LIV O,

12




MoK kW K ok Ok Rk ok WOk RO R K W % o %
E M S #
'.)\.'
¥
.

pachional Meal

A

WO

ks

Al oy by

e fEcn s st L

e

£ OFEFRT AN
TH (ACGE

(TLV-TWey ¢ S mgs/md, fume (as Fel—RP

Wit WELDIMNG FUMES:  The TLV-TWA For totel welding fume particulate (not
otherwiss classified) i % mg/m3. Ersure that the TLVe For specific
compenertes of the fume are not exceeded. }

HOTE:  In many Canadian jurisdictions, exposure limits are similar to the

CACEIH TLVe. Since the manner in which exposure limite are established,

interpreted, and implemented can vary, obtain detailed information from the
appropriate government agency in each jurisdiction.

¥ FERMISSIBLE EXFOSURE LIMITS (FELs) /
FIMal RULE LIMITS / OCCUFATIONAL
SAFETY AMD HEALTH ADMIMNISTRATION (0OSHA) ¥
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A SECTION 3. HAZARDS TDENTIFICATION XXk

¥F FOTEMTIN. HEALTH EFFECTS *¥

ERFFECTS OF SHORET-TERM  (ACUTE) EXPOSURE @

THHELATION 2 S, .
Magnesium oxide dust is slightly irritating to the nose and causes little
adverse effect on the lungs. Evidence from a laboratory study using human
valunteers showed that inbhslation of freshly formed magnesium oxide fume ca
couse a mild form of a flu-like illness called metal fume fever.(&s) Symptom
of metal fume fever ccour 4-12 hours after exposure and can include cough,
sweating, headache, fever, muscle aches, nausea, vomiting and tiredness.
Recovery is complete. The volunteers were exposed to 4-& mg/m3 (has been
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SECTION 4.

L oneg wi bl wa - éinl

3Erd o oocoure, Flus the contaminsated eveis) with lubkewsarm, gently
owing water wntil particies have been removed

Cdrritation persists, oblain medical advice immediately.

ATTON »

Mo hesalth effects from ingestion expected. Rinze mouith with water and
drink somne water. '

ST ATD COMMENTS
All Tirst aid procedures should be periodiceally” reviewed by a physician
familiar with Lthe malerial and ite conditiong of use in the workpliace.

¥k SECTION 9. FIRE FIGHTING MEASUREDS Kk

SH O FOINT »
Mot combustible (does not burn)

LOWER FLAMMSBLE (EXPLOSIWVE) LIMIT (LFL/7LEL) @
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Use appropriate instrumentation and sampling strategy (location, timing,

duration, freguency, and number of samples). Interpretat:zon of Lhe

sampling results de relsated to these variables and ths an

MIOSH METHOD(S)Y: §36% — HIOSH Manual of Analytical Methods. 2Znd ed.

33 7300 - WIOSH Manual of Analyticel Methods. 3rd ed. Nol. S,
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Fume }

oxide:

MOTE 2 The 058 FEL Final Fule Limite are currently
non-enforceable due to a court decision.. The OSHA
FEL Transitional Limits are now in force.

] EXFOSURE LIMITS (FELs)
IlﬁH ITYOMAL LIMITS /7 OCCUFPATIOMAL
SAFETY AMD HEALTH ADMIMISTRATION (OSHA) *

TIME WETGHTED AVERGGE (FEL-TWA) 3 1% mg/m3 (total particulate)
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CNOTE ¢ This section is under development.
¥k SECTION 13. DISFOSAL. COMSIDERATIONS %okk

Review federal, provincial and local government requirements prior to
disposal. Disposal by secure landfill may be aceceptable.
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general references wsed to compile CHEMINFO records is
wvailable in the database Help.
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ok SECTION 3. HAZARDE IDEMTIFICATIHY ¥
Ak POTENTIAL HEALTH EFFECTS ¥*®

EFFECTS OF SHORT-TERM (ACUTE) EXFOSURE = .-
IMHALATION @
ITrritation of the nose, throat and lungse could occur due “to the corrosive

nature of potassium hydroxide. However, severs indury is usuelly avoided by
self-limiting sneezing, couwghing and discomfort.

SKIN CONTACT &
Extremely corrosive. Capable of causing severe bhwns with deep ulceration.
Can penetrate Lo deeper layers of skin ceausing permanent scarring and
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EYE COMTé
Tmmediately flush the contaminated eyvel(s) with lukewarm. gently Tlowing
water for 30 minules, by the clock, holding the eyvelidis) open. Take care
net to rinse contaminated water into the non-saffected eve. If available, &
newtral saline soiution may be used Lo flush the contaminated eye(s) an
additionel 20 minutes. If drritation persists, repeat flushing. Obtain
merddcal attention dimmediately.

FTHOESTION = :
Mever give anything by mowth i victim dis rapidly losing consciousness, or
i€ unconsciovs or convulsing. Rinse mouth thoroughly with water. DO NOT
INDUCE WOMITING. IF wictim can swallow, have him/her drink 8 to 10 oze.

3
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TED 4. ACCTDENTAL RELEASE MEADURES Au

TREDAUTIONE b
Restrict sccess to ares witil completion of clean—up. Ensure clean—-up is
conducted by trained personnel only. Wear adequate protective clothing and
equipment. Yentilate area of spill. Remove combustible materials from the
vicindty of & maior spill. Hotify government occupnl:nnat health and safety
and environmental authorities. :

LEAR-UF n
Cortadin spill ov leak. Do not allow entry into sewers or waterwavs. Shovel
OF  Suweeiy W ey po iuwm hydroxide for recycling or disposal. Neutralize
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Ll L T : closure, control of process condations and
modification {e.g.. substitution of & less hazardous maleri
mdminietrative controls and personal protective equipmert s
egl red . o corrosion-resistant ventilation syvstem separats
exhaust ventiiation sysétems., Exhaust directly to the outside. Lk local
exhaunst ventilation, and process enclosure if necessary, Lo comt-ol a&ivrbeorrs
dust /S mist. Supply sufficient replacement air to malke up for air removed ey
exhaust sysiems. : ’

"ERSOMAL. FROTECTIVE ESUIPMENT & ‘
If engineering controls and work practices are not effective in controlling
exposure Lo this material, then wear suitable personal proteciive equipment
including approved respiratory protection. Have appropriete equipment
available for use in emergencies such as spills or fire. If respiratory
protection is required, institute a complete respiratory protection program
including selection, fit testing, training, mainternance and inspsction.
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MOTE: The OSHA FEL Final Rule Limits aré currently
non-enforceable due 1o & couwrt decision. The OSHA
FEL Transitional Limitse are rmow in force.

¥ FERMISSIELE EXFOSURE LIMITS (FELs)
TRANSITIONAL LIMITS / OCCUFATIONAL
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Hetok SEUTIGN A TOXICOLOGTCAL THMFORMATION Ak

LDRSBO (oral, rat)r  36% mgllg (&)

DGO (oral, male rat): 2738 mgrikg  (5) ! o :
EYE IRRITATION (Rabbit): application of G.1 ml of 5.0X potassium hydroxide
solution for % minuvtes, before washing the eye with distilled water for 2
mirnutes, resulted bQin extrems dirritation and corrosion. Application of Q.1
ml. of & 1% sclution for % minutes, or 24 hours before washing the eve
resulted in irritation. A C.1% solution applied for 24 hours before
washing the eye caused no dirritation. (&)

SKIN IRRITATION: & 10% solution was corrosive to rabbits and guinea pigs
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DIE - Fodsonous and infectious material — Immediate and serious effects -
Toxic
£ - Corrosive material

WMHMTE HEALTH

Aoute lethality - toxic - immediate
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ThG cless 8 ~ corrosive substance
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NEPA Classification: Noncombustible. )
EXTINGUISHING MEDIA: Use proper extinguisher for sﬁrrounding fire.
UNUSUAL FIRE/EXPLOSION HAZARDS: None.

azardous polymerizatio

n cannot occur. »
CHEMICAL INCOMPATIBILITIES: Acetylene and silver form an insoluble, explosive acetylide. If silver is treated with nitric
acid in the presence of ethyl alcohol, silver fulminate may be formed, which can be detonated.

Ethylenimine forms explosive compounds with silver. Finely divided silver and hydrogen peroxide solutions may explode. This

material is incompatible with oxalic and tartaric acid. Ammonia plus silver may form explosive compounds. Bromoazide explodes
on contact with silver foil.

Copyright © 1986 Genium Publishing Corporation.
Any commercial use o reproduction without the publisher's permission is prohibited. -
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| . No. 181
* Material Safety Data Sheet
Genium Publishing Corporation SILVER
1145 Catalyn Street
Schenectady, NY 12303-1836 USA
~ (518)377-8855 QENIUM PUBLISHING CORP. Issued: April 1986
l SECTION 1. MATERIAL IDENTIFICATION P b L, el g .20
o MATERIAL NAME: SILVER HMIS
DESCRIPTION: Elemental metal. H:1
' OTHER DESIGNATIONS: Ag, Argentum, CAS #7440-22-4. F0
MANUFACTURER/SUPPLIER: Available from many suppliers. IEP(:S* Not Found
‘ *
. COMMENTS: Photography products account for 30% of industrial consumption. Additional See sect. 8
uses include electrical conductors, coins, silverware, and jewelry.
l ZSECTION 2. INGREDIENTS AND HAZARDS =2HAZARD DATA
Silver, Ag TWA 0.1 mg/m**
' TWA 0.01 mg/m3**
' * Current (1985-86) ACGIH TLYV for silver dust and fume. Rat, Implant, TD: 2570 mg/kg
** Current (1985-86) ACGIH TLYV for soluble silver compounds and OSHA
l exposure limit.
~SECTION 3. PHYSICAL DATA e e R R
. Boiling Point ... 3833.6°F (2112°C) Specific Gravity (H,0=1) ... 10.5
- Vapor Pressure ... Not Found Melting Point ... 1763.4°F (961.9°C)
Water Solubility ... Insoluble Percent Volatile by Volume ... Not Found
Vapor Density (Air = 1) ... Not Found ’ Molecular Weight ... 107.87
Evaporation Rate ... Not Found
l Appearance and odor: Ductile and malleable lustrous white metal.
e ——
;SECTION 4. FIRE AND EXPLOSION DATA o casetshrs | LOWER| UPPER
' Flash Point and Method Autoignition Temp. Flammability Limits In Air | Not Not
Not Found ‘ Not Found Not Found Applicable | Applicable




No.181 4/86 SILVER
SECTION 6. HEALTH HAZARD INFORMATION | TLV . =
Silver is not considered a carcinogen by the NTP, IARC, or OSHA.
SUMMARY OF RISKS: Silver has no known physiological function in man and will accumulate in most tissues. Chronic

accumulation (threshold in excess of 1 gram) in the body can result in argyria, a permanent condition associated with wndespread

bluish pigmentation of the skin and conjunctiva. TARGET ORGANS: Generally, where contact occurs. PRIMARY ENTR
Inhalation, long-term handling (causes particles to become embedded in skin), or absorption through sweat glands. ACUTE
EFFECTS are associated with soluble silver compounds that may be caustic, causing local irritations or destruction of tissue,

depending upon stmngth of solution. CHRONIC EFFECTS: Argyria may be a local or general effect, depending upon previous
exposure. FIRST Al EYE CONTACT: Flush with water for 15 minutes. Get medical attention.* SKIN CONTACT: Wash

skin with soap and water Argyria from long-term exposure is permanent and cannot be washed away. INHALATION: Remove
victim to fresh air. INGESTION: Dilute with water. Get medical attention.*

* GET MEDICAL ASSISTANCE = In plant, paramedic, community. Get medical help for further treatment, observation, and
support after first aid, if indicated.
COMMENTS: The original 0.01 mg/m* TLV was established to prevent a lifetime body accumulation exceeding 1 gram, where

argyria would become evident. Evaluation of 25 years of data has shown 0.01 mg/m’ to be too conservauve, therefore, the ACGIH
raised the TLV to 0.1 mg/m?.

. SECTION 7:SPILL, LEAK, AND DISPOSAL PROCEDURES.

SPILI/LEAK: Notify safety personnel; prevent entry into sewers or surface waters. Wear respirator where a dusting hazard is
anticipated.

WASTE DISPOSAL: Reclaim or sell waste to a commercial reclaimer.

_SECTION 8. SPECIAL PROTECTION INFORMATION .-

GOGGLES are not required unless metal is in the molten state.

GLOVES: Repeated handling may discolor the skin because of skin rubbing against the metal. Cotton gloves will prevent this
cosmetic effect.

RESPIRATOR is required where metal dust or fumes are generated with inadequate exhaust ventilation. Air samples should be
collected to quantify the exposure levels.

YENTILATION is required where air exposures exceed the TLV-TWA'S.

OTHER: Reclamation of silver from photographic or X-ray film may involve cyanide compounds. Proper precautions must be
taken when working with cyanide compounds. See Genium MSDS #13, Potassium Cyanide, for further information.

- SECTION 9. SPECIAL PRECAUTIONS AND COMMENTS.
STORAGE SEGREGATION: Silver is usually stored in locked cabinets or safes to prevent theft.

ENGINEERING CONTROLS: Exhaust venulauon where TLV-TWA is exceeded.

EPA Hazardous Substance Designation: 40 CFR 260

Data Source(s) Code: 2,4, 6, 14, 59, 82, 84, NFC 1983. DW

Judgements as to the suitability of information herein for purchaser's purposes
are pecessarily purchaser’s responsibility. Therefore, lI:ough mno;nble care App rovals %0-&(1&0
has been taken is the preparation of such information, Genium Publishi B .
Mwwurl:aﬁu.ukuwmmdmmmpm:fbicl:yp anyﬂwety W
23 to the accuracy or suitability of such information for application to N 4

s intended purposes or for consequences of its use. 1 | Medical Review @
m::.:‘-ummummp-mnmuu Copyright © April 1, 1986




_ Material Safety Data Sheets Collection:
Genium Publishing Corporation

1145 Catalyn Street Shegt No. .263
Schenectady, NY 12303-1836 USA Sodium Bicarbonate
(518) 377-8854 '

Issued: 8/89

Sodium Bicarbonate Description: Prepared from sodium carbonate, water, and carbon dioxide (CO,). Used to manufac- - R
ture many sodium salts; as a source of carbon dioxide; in fire extinguishers and cleaning compounds; and as an ingredient

ow: ©
L4 ':O>

of baking powder and effervescent salts/beverages. X
Other Designations: Baking soda; sodium acid carbonate; sodium hydrogen carbonate; monosodium carbonate; Genl
bicarbonate of soda; NaHCO,; CAS No. 144-55-8. ;;'L;
Manufacturer: Contact your supplier or distributor. Consult the latest Chemicalweek Buyers' Guide (Genium ref. 73) H
for a suppliers list. : F
R
PP(
* S

i

Sodium bicarbonate, ca 100%

OSHA PEL ACGIH TLYV, 1988-89 NIOSH REL Toxicity Data®
None established None established None established ' Infant, oral, TD, ; 1260 mg/kg
Infant, oral, LD : 4220 mg/kg

Water Solubility: Complete Molecular Weight: 84 g/mol
pH: *

Apearance and Odor: White crystalline powder or granules; odorless.

* The aqueous solutions of sodium bicarbonate prepared with cold water and no agitation are only slightly alkaline to litmus or pheaolphthalein. The alkalinity
increases as the temperature rises and as time passes. A freshly prepared 0.1-molar solution of sodium bicarbonate at 77 °F (25 °C) has a pH of 8.3.

Flash Point: | Autoignition Temperature: * UEL: *

{ Extinguishing Media: * Sodium bicarbonate does not burn. Use extinguishing agents that put out the surrounding fire.

Unusual Fire or Explosion Hazards: None reported.
Special Fire-fighting Procedures: Wear a self-contained breathing apparatus (SCBA) with a full facepiece operated in the pressure-demand
positive-pressure mode to protect against the effects of the surrounding fire.

Stability/Polymerization: Sodium bicarbonate is stable at room temperature during routine operations. Hazardous polymerization cannot oc
Chemical Incompatibilities: Sodium bicarbonate can react dangerously with mongammonium phosphate or a sodium-potassium alloy.
Conditions to Avoid: Sodium bicarbonate decomposes by reaction with acids. * ‘

Hazardous Products of Decomposition: Sodium bicarbonate starts to give off carbon dioxide gas at 122 °F (50 °C). At212 °F (100 °C) the
sodium bicarbonate converts 1o sodium carbonate (N2,CO,). ’ :

Copyrighs © lsl_s:cuim Publishing Corporation.
Asy

1a] wac or reproductian without the publisher's permi jon is prok




No. 263 Sodium Bicarbonate 8/89

Carclnogenlclty Nenha the NTP IARC nor OSHA lists sodium bicarbonate as a carcinogen.

Summary of Risks: Sodium bicarbonate is an alkaline powder that can irritate the tissues it contacts. Dryness, scaling, and alkaline bumns of
exposed tissue can occur, depending on the exposure’s intensity and duration. The alkaline irritant effects of sodium bicarbonate solutions
increase as the solution's concentration and strength increase. Sodmm bicarbonate’s toxicity is low and the FDA has approved its use as a general-
purpose food additive.

Medical Conditions Aggravated by Long-Term Exposure: None reported.

| Target Organs: Skin, eyes, and mucous membranes lining the respiratory system.

Primary Entry: Inhalation, skin contact.

Acute Effects: Irritation, with possible alkaline chemical bums of the skin, eyes, and the mucous membranes of the respiratory tract. Moist skin
probably increases the alkaline irritant effects.

Chronic Effects: None reported.

FIRST AID

Eyes: Immediately flush, including under the eyelids, gently but thoroughly with flooding amounts of running water for at least 15 min. Alkaline/
basic eye burns are possible. Treatment by competent medical personnel is necessary to prevent permanent eye damage.

Skin: After rinsing affected area with flooding amounts of water, wash it with soap and water.

Inhalation: Remove exposed person to fresh air, and support breathing as needed.

Ingestion: If ingested, have the exposed person drink 1 to 2 glasses of water. If the quantities or concentrations are excessive, induce vomiting by
giving an emetic such as Syrup of Ipecac.

After first aid, get appropriate in-plant, paramedic, or community medical attention and support.

Spill/Leak: Notify safety and cleanup personne! of 2 sodium bicarbonate spill. Cleanup personnel should wear personal protective equipment
(Sec. 8) to prevent excessive skin contact or dust inhalation. Do not create dusty conditions during cleanup operations. Shovel, scoop, or vacuum
the spilled material into appropriate disposal containers. Never flush to sewers, surface waters, waterways, or watersheds.

Disposal: Contact your supplier or 2 licensed contractor for detailed recommendations. Follow applicable Federal, state, and local regulations.

OSHA Designations

Air Contaminant (29 CFR 1910.1000, Subpart Z): Not listed
EPA Designations

RCRA Hazardous Waste (40 CFR 261.33): Not listed

CERCLA Hazardous Substance (40 CFR 302.4): Not listed
SARA Extremely Hazardous Substance (40 CFR 355): Not listed

Goggles: Wear protective eyeglasses or chemical safety goggles, per OSHA eye- and face-protection regulations (29 CFR 1910.133). Where
splashing is possible, wear a full face shield. _

Respirator: Wear a NIOSH-approved respirator if necessary. Follow OSHA respirator regulations (29 CFR 1910.134). For emergency or
nonroutine operations (spills or cleaning reactor vessels and storage tanks), wear an SCBA.

Warning: Air-purifying respirators do not protect workers in oxygen-deficient atmospheres.

Other: Wear impervious gloves, boots, aprons, and gauntlets to prevent prolonged or repeated skin contact.

Ventilation: Provide general and local ventilation systems to maintain airborne concen rations that protect worker safety productivity. Local
exhaust ventilation is preferred since it prevents contaminant dispersion into the work aea by eliminating it at its source (Genium ref. 103).
Safety Stations: Make available in the work area emergency eyewash stations, safety/quick-drench showers, and washing facilities.
Contaminated Equipment: Never wear contact lenses in the work area: soft lenses may absorb, and all lenses concentrate, irritants. Launder
contsminated clothing before wearing. Remove this material from your shoes and equipment.

Comments: Never eat, drink, or smoke in work areas. Practice good personal hygiene after using this material, especially before eating, drinking,
smoking, using the toilet, or applying cosmetics.

Storage Requlremen!s: Store sodium bicarbonate in closed containers in a cool, dry, well-vennlned srea away from acids. Protect these
containers from physical damage.

Transportation Data (49 CFR 172.101-2): Not listed

MSDS Collection References: 1, 6, 7, 84-94, 100, 116, 117, 119, 120, 122

Prepared by: PJ Igoe, BS; Industrial Hygxene Review: DJ Wilson, CIH; Medical RevneW' MJ Hardies, MD ' n
Copyright © 1989 by Geninra Peblisking C. Any ! wae or seproducts Mump_-uhmhb—--whmd“ ion kevein for the purchaser’s parp
umlyum%mﬂqwl—m&uh—uhhh yperati akoe mo rep ions, snd samemes

Do responsibility as 10 the accaracy or suimbility of sach infe pplication to the porchescr’s imended clu of s wse.
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‘ Material Safety Data Sheets Collection:
Genium Publishing Corporation
@ 1145 Catalyn Street Sheet No. 48
Schenectady, NY 12303-1836 USA Sodium Carbonate, Anhydrous
(518) 377-8854
Issued: 12/84 Revision: B, 11/91

Section 1. Material Identification

Sodium Carbonate, anhydrous (Na,CO,) Description: Exists in nature as brines, saltwater in lakes, and solid stratified R 1 Genit
deposits. Produced commercially by reaction between sodium chloride and ammonia, sodium chloride and sulfuric acid, or 1 - )
by leaching out rock salt deposits. Used in manufacturing glass, caustic soda, sodium bicarbonate, pulp and paper, 2
aluminum, detergents, salts and paints; in desulphurization of pig iron and purification of petroleum. K 0 .
Other Designations: CAS No. 497-19-8, crystal carbonate, disodium carbonate, sal soda, soda ash, Trona, washing soda.
Manufacturer: Contact your supplier or distributor. Consult latest Chemical Week Buyers' Guide™ for a suppliers list. P{M
F
R
PPC
Cautions: Sodium carbonate is corrosive, can be mildly toxic by inhalation and ingestion and, is an eye and skin jmritant. * Se

Section 2. Ingredients and Occupational Exposure Limits

Sodium carbonate, anhydrous, ca 98%*

1990 OSHA PELt 1990 DFG (Germany) MAK  1985-86 Toxicity Datat v
None established None established Rat, oral, LD_: 4090 mg/kg; toxic effects not yet reviewed
Rat, inhalation, LC, : 2300 mg/m®/2 hr caused difficulty in breathing
1991-92 ACGIH TLV 1990 NIOSH REL Rabbit, eye: 100 mg/24 hr produced moderate irritation
None established None established o

* The product contains 98% sodium carbonate, 1% sodium chloride, 0.1% sodium sulfate, and traces of cyanogen, arsenic, and sulfur salts.
1 Control at least as a nuisance particulate; current OSHA PEL values are 15 mg/m?® (total dust) and 5 mg/m’ (respirable dust).
% See NIOSH, RTECS (VZ4050000), for additional irritation, reproductive, and toxicity data.

Section 3. Physical Data '

Boiling Point: Decomposes at 752 'F (400 'C) Density: 2.53 at 77 ‘F (25 °C)
Melting Point: 1567 °F (853 °C) Water Solubility: Soluble in 3.5 parts water at room temperature
pH: Aqueous solution is 11.6 Other Solubilities: Soluble in glycerol, insoluble in most organic solvents

Molecular Weight: 106
Appearance and Odor: White, odorless, hygroscopic (readily moisture-absorbing) powder with an alkaline taste.

Section 4. Fire and Explosion Data
[ Flash Point: Noncombustible | Autoignition Temperature: None reported | LEL: None reported | UEL: None reported

Extinguishing Media: Sodium carbonate, anhydrous, is a noncombustible material. Use extinguishing media suitable for surrounding fire. Fo:
small fires, use dry chemical, carbon dioxide (CO,), water spray, or regular foam. For large fires, use water spray, fog, or regular foam.
Unusual Fire or Explosion Hazards: None reported.

Special Fire-fighting Procedures: Since fire may produce toxic thermal decomposition products, wear a self-contained breathing apparatus
(SCBA) with a full facepiece operated in pressure-demand or positive-pressure mode. Also wear fully protective clothing. Use water spray to
reduce dust. Be aware of runoff from fire control methods. Do not release to sewers or waterways.

Section 5. Reactivity Data

Stability/Polymerization: Sodium carbonate, anhydrous, is stable at room temperaturt in closed containers under normal storage and handling
conditions. Hazardous polymerization cannot occur. It readily absorbs moisture from the air to form sodium bicarbonate and various hydrates.
400 °C this material begins to decompose, releasing CO, and sodium oxide (Na,0). '
Chemical Incompatibilities: Sodium carbonate may become explosive in contact with red-hot aluminum metal, and is incompatible with
ammonia + silver nitrate, 2,4-dinitrotoluene, 2,4,6-trinitrotoluene, sulfuric acid, sodium sulfide + water, lithium, phosphorus pentoxide, fluorin
and hydrogen peroxide. Hot concentrated solutions of sodium carbonate are mildly corrosive to steel.
Conditions to Avoid: Avoid excessive dust generation and contact with heat, moisture and the incompatibles listed above. :
«Hazardous Products of Decomposition: Thermal oxidative decomposition of sodium carbonate, anhydrous, can produce carbon dioxide ((s0]
and toxic sodium oxide (Na,0) fumes. ‘ ’

Copyright © 1991 Genium Pubdlishing Coeporation.
Any commercial use or reproduction without the publisher's penaission is prohibited.




No.48 Sodium Carbonate, Anhydrous 11/91
"Section 6. Health Hazard Data

Carcinogenicity: In 1990 reports, the IARC, NTP, and OSHA do not list sodium carbonate, anhydrous, as a carcinogen.

Summary of Risks: As typical with alkaline corrosives, sodium carbonate toxicity relates more to concentration than to dose. It can be mildly
toxic by inhalation, ingestion, and skin or eye contact. Prolonged or repeated contact with concentrated solutions causes tissue damage. “Soda
ulcers” on the hands and perforation of the nasal septum have occurred.

Medical Conditions Aggravated by Long-Term Exposure: None reported.

Target Organs: Eyes, skin, respiratory and digestive systems.

Primary Entry Routes: Inhalation, ingestion, skin or eye contact.

Acute Effects: Acute inhalation can produce eyes, nose, and throat irritation, sneezing, difficulty in breathing, coughing, and possible chemical
bronchitis (inflammation of bronchial tubes in the lungs due to inhalation of a chemical). Ingestion may cause irritation in the mouth, chest and
stomach, painful swallowing, and stomach cramps. Moist skin contact has produced an itching, burning, and tingling sensation, redness, and
swelling. Sodium carbonate introduced into the eyes may cause mechanical and chemical irritation, pain, watering of eyes, comeal bumns,
conjunctivitis, and risk of serious injury if eyes are kept tightly closed. Warning! Other symptoms may appear from absorption of sodium
carbonate into the bloodstream via the eyes.

Chronic Effects: None reported.

FIRST AID ,

Eyes: Gently lift eyelids and flush immediately and continuously with flooding amounts of water until transported to an emergency medical
facility. Do nor let victim rub or keep eyes tightly shut. Consult a physician immediately.

Skin: Quickly remove contaminated clothing. Rinse with flooding amounts of water for at least 15 min. For reddened or blistered skin, consult a
physician. Wash affected area with water, but do not use soap!

Inhalation: Remove exposed person to fresh air and support breathing as needed. h

Ingestion: Never give anything by mouth to an unconscious or convulsing person. If ingested, have that conscious and alert person drink 1 to 2
glasses of water to dilute poison. Do not attempt to neutralize as this could cause further damage. Do not induce vomiting,

After first aid, get appropriate in-plant, paramedic, or community medical support.

Note to Physicians: Consider endoscopy in all suspected cases of sodium carbonate poisoning. Perform blood analysis to determine if dehydra-
tion, acidosis, or other electrolyte imbalances occurred.

Section 7. Spill, Leak, and Disposal Procedures

Spill/Leak: Notify safety personnel, isolate hazard area, deny entry, and stay upwind of spills. For small dry spills, avoid excess dust generation
by carefully scooping or vacuuming (with appropriate filter) material and placing it in a suitable container for later disposal. For large, dry land
spills, dike around spill to contain and cover with a plastic sheet or other impermeable membrane layer to prevent leaching caused by rain or other
water source. Neutralize spills by adding dilute hydrochloric acid. Follow applicable OSHA regulations (29 CFR 1910.120).

i : Contact your supplier or a licensed contractor for detailed recommendations. Follow applicable Federal, state, and local regulations.
EPA Designations '
RCRA Hazardous Waste (40 CFR 261.33): Not listed
CERCLA Hazardous Substance (40 CFR 302.4): Not listed
SARA Extremely Hazardous Substance (40 CFR 355): Not listed
SARA Toxic Chemical (40 CFR 372.65): Not listed
OSHA Designations
Air Contaminant (29 CFR 1910.1000, Subpart Z): Not listed

Section 8. Special Protection Data

Goggles: Wear protective eyeglasses or chemical safety goggles, per OSHA eye- and face-protection regulations (29 CFR 1910.133). Since
contact lens use in industry is controversial, establish your own policy.

Respirator: Seek professional advice prior to respirator selection and use. Follow OSHA respirator regulations (29 CFR 1910.134) and, if
necessary, wear a NIOSH-approved respirator. Select respirator based on its suitability to provide adequate worker protection for given working

| conditions, level of airbome contamination, and the presence of sufficient oxygen. For emergency or nonroutine operations (cleaning spills,

reactor vessels, or storage tanks), wear an SCBA. Warning! Air-purifying respirators do not protect workers in oxygen-deficient atmospheres.
Other: Wear impervious gloves, boots, aprons, and gauntlets to prevent skin contact.

Ventilation: Provide general and local exhaust ventilation systems to maintain airborne concentrations that promote worker safety and productiv-
ity. Local exhaust ventilation is preferred since it prevents contaminant dispersion into the work area by controlling it at its source

Safety Stations: Make available in the work area emergency eyewash stations, safety/quick-drench showers, and washing facilities.
Contaminated Equipment: Separate contaminated work clothes from street clothes. Launder contaminated work clothing before wearing.
Remove this material from your shoes and clean personal protective equipment. '
Comments: Never eat, drink, or smoke in work areas. Practice good personal hygiene after using this material, especially before eating, drinking,
smoking, using the toilet, or applying cosmetics.

Section 9. Special Precautions and Comments T

Storage Requirements: Avoid physical damage to containers. Store in cool, dry, well-ventilated ares away from heat, strong acids, and incom-
patibles (Sec. 5). Keep containers tightly closed to prevent moisture absorption.

Engineering Controls: To reduce potential health hazards, use sufficient dilution or local exhaust ventilation to control airborne contaminants
and to maintain concentrations at the lowest practical level. .

Other Precautions: If respirators are used, OSHA requires a respiratory protection program that includes regular training, maintenance,
inspection, and evaluation. Avoid excess dust generation. Also consider preplacement and periodic medical examinations of exposed workers
emphasizing the skin, eyes, and respiratory tract.

Transportation Data (49 CFR 172.101, .102): Not listed

"MSDS Collection References: 73, 100, 101, 103, 124, 126, 127, 132, 136, 139, 140, 149,159, 163 .

Prepared by: M Gannon, BA; Industrial Hygiene Review: D] Wilson, CIH; Medical Review: W Silverman, MD; Edited by: JR Stuart, MS 12

Copyright © 1991 by Genium Publishing Corporation. Ay ial use or reproduction without the publisher’s permission is prohibited. Jedgsonts as 10 the suitability of information hesein for the purchaser's purposcs
are secessarily the parchaser’s responsibility. Akhough reasonabic care has been taken in the preparation of such information, Genium Publishing Corporation exiends no warranties. makes no representations, snd assumes
80 responsibility as 10 the sccuracy or saitabllity of such information for application 1o the purchaser’s intended purpose or for consequences of it usc.
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. Material Safety Data Sheets Collection:
Genium Publishing Corporation
@ 1145 Catalyn Street Sheet No. 294
' Schenectady, NY 12303-1836 USA Sodium Sulfide
(518) 377-8854
Issued: 4/90

‘Seciion 1:.:Material I1dentification

Sodium Sulfide Description: Best prepared from the elements in hquld ammonia. Also obtained by dehydratmg sodnum R 3
sulfide nonahydrate. Used in manufacturing rubber and sulfur dyes; in metal refining, cotton printing, dehairing hides, I -
wool pulling, engraving, ore flotation, paper-pulping process, and desulfurizing viscose rayon,; as a photographic reagent,a S 3 i
chemical intermediate, and a laboratory reagent. K -

Other Designations: CAS No. 1313-82-2; Na,§; sodium monosulfide; sodium sulfuret; sodium sulphide.

Manufacturer: Contact your supplier or distributor. Consult the latest Chemicalweek Buyers' Guide™ for a suppliers list. HMIS

* Sec.

./Ingredients and Occupational Exposure Limits

Sodium sulfide, ca 100%

OSHA PEL : ACGIH TLYV, 1989-90 NIOSH REL, 1987 Toxicity Data*
None established None established None established None listed

*Monitor NIOSH, RTECS (WE1905000), for future toxicity data.

Section 3. Physical Data W T LT
Melnng Point: 2156 "F/1180 °C Specific Gravity (H,0 =1 at 39 "F/4 °C): 1.856 at 57 *F/14 °C
Molecular Weight: 78.04 g/mol Water Solubility: Soluble

Appearance and Odor: Yellow-pink or white, deliquescent crystals.

Section 4. Fire and Explosion Data

Flash Point: None reported | Autoigmnon Tempenture. None reported | LEL: Nmé reported | UEL: Nonérreponed

Extinguishing Media: Use dry chemical, CO,, Halon, water spray, or standard foam to fight fires involving sodium sulfide.

Unusual Fire or Explosion Hazards: Sodium sulfide is a moderately flammable solid when exposed to heat or flame. It can explode with rapic
heating or percussion. When it contacts acids, this material yields flammable hydrogen sulfide. When bumned, it yields sulfur dioxide. Finely
divided sodium sulfide forms explosive mixtures in air.

Special Fire-fighting Procedures: Since fire may produce toxic fumes, wear a self-contained breathing apparatus (SCBA) with a full facepiect
operated in the pressure-demand or positive-pressure mode. Be aware of runoff from fire control methods. Do not release to sewers or waterway

5‘}” :L{% LT =3z . = :
subllltyll’olymeﬂndon. Although stable at room temperamre in closed containers under normal storage and handlmg eondm, sodium
sulfide is unstable and can explode with rapid heating or percussion. This material is extremely hygroscopic (absorbs moisture from the air) and
discolors upon exposure to the air. Hazardous polymerization cannot occur.

Chemical Incompatibilities: This material reacts violently with water, carbon, diazonium salts, o-nitroaniline diazonium salt, n.n-dlchloromett
ylamine, acids, and oxidizing materials.

Conditions to Avoid: Avoid contact with heat or any ignition source.

Hazardous Products of Decomposition: Thermal oxidative decomposition of sodium sulfide can produce toxic fumes of sulfur oxides S0) =
sodium oxide (Na,0).
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No.294 Sodium Sulfide 4/90

Section 6. Health Hazard Data —

Carcinogenicity: Neither the NTP, IARC, nor OSHA lists sodium sulﬁde asa carcmogen

Summary of Risks: Sodium sulfide is a strong irritant to skin and tissue. It yields toxic sulfur dioxide when bumning and toxic hydrogen sulfide
on contact with acids. High concentrations (500 to 1000 ppm) of hydrogen sulfide (MSDS Collection, No. 52) can cause systemic po:somng
symptomized by respiratory paralysis and unconsciousness, followed by death. Sulfur dioxide (MSDS Collection, No. 50) affects the respiratory
tract, causing bronchial irritation, difficulty in breathing, pulmonary edema, and at high levels, possible respiratory paralysis. Short-term expo-
sures above 400 to 500 ppm are immediately life threatening.

Medical Conditions Aggravated by Long-Term Exposure: None reported.

Target Organs: Skin, eyes, respiratory tract.

Primary Entry Routes: Inhalation, skin or tissue contact.

Acute Effects: Direct contact with sodium sulfide irritates the skin and other tissue. Eye contact may cause painful conjunctivitis, colored halo
effects on vision, and lid spasm.

Chronic Effects: None reported.

FIRST AID

Eyes: Flush immediately, including under the eyehds, gently but thoroughly with flooding amounts of runmng water for at least 15 min.

Skin: Remove contaminated clothing. After nnsmg affected skin with flooding amounts of water, wash it with soap and water.

Inhalation: Remove exposed person to fresh air and support breathing as needed.

Ingestion: Never give anything by mouth to an unconscious or convulsing person. If ingested, have a conscious person drink 1 to 2 glasses of
water, then induce repeated vomiting until vomit is clear.

After first aid, get appropriate in-plant, paramedic, or community medical support.

Physician's Note. Eye exposure may result in fundoscopic and retinal changes that usually resolve within 72 hr. All eye exposures should have
baseline and follow-up fundoscopic evaluation. If exposure is significant, nitrate-induced methemoglobinemia has been advocated as treatment on
the basis that methemoglobin bind the toxic hydrosulfide anion, forming sulfmethemoglobin. Inhaling amyl nitrate or intravenous sodium nitrite
is reccommended. Do not use thiosulfate.

Section 7. Spill, Leak, and Disposal Procedures

Spill/Leak: Notify safety personnel and immediately remove all heat and xgnmon sources. Cleanup crew should protect against vapor inhalation
and direct skin or eye contact. Do not handle with bare hands! Using nonsparking tools, scoop spilled material into appropriate disposal contain-
ers. Follow applicable OSHA regulations (29 CFR 1910.120).

Disposal: Contact your supplier or a licensed contractor for detailed recommendations. Follow appllcablc Federal, state, and local regulations.
EPA Designations

RCRA Hazardous Waste (40 CFR 261.33): Not listed

CERCLA Hazardous Substance (40 CFR 302.4): Not listed

SARA Extremely Hazardous Substance (40 CFR 355): Not listed

SARA Toxic Chemical (40 CFR 372.65): Not listed

OSHA Designations

A:r Comammant (29 CFR 1910.1000, Subpart Z): Not listed

Protection Data

Goggles‘ Wea: pmtecnve eyeglasses or chemical safety goggles, per OSHA eye- and face-protecnon regulations (29 CFR 1910 133)
Respirator: Follow OSHA respirator regulations (29 CFR 1910.134) and, if necessary, wear a NIOSH-approved respirator. For emergency or
nonroutine operations (cleaning spills, reactor vessels, or storage tanks), wear an SCBA.

Warning: Air-purifying respirators do not protect workers in oxygen-deficient atmospheres.

Other: Wear impervious gloves, boots, aprons, and gauntlets to prevent skin contact.

Ventilation: Provide general and local explosion-proof ventilation systems to control airborne concentrations. Local exhaust ventilation is
preferred since it prevents contaminant dispersion into the work area by controlling it at its source.*®»

Safety Stations: Make available in the work area emergency eyewash stations, safety/quick-drench showers, and washing facilities.
Contaminated Equipment: Never wear contact lenses in the work area: soft lenses may absorb, and all lenses concentrate, irritants. Remove this
material from your shoes and equipment. Launder contaminated clothing before wearing.

Comments: Never eat, drink, or smoke in work areas. Practice good personal hygiene after using this material, especially before eating, drinking,
smoking, using the tonlet, or applymg cosmetics.

Storage Reqnirements’ Stone in tightly closed containers in a cool, dry area away from all pomble xgmuon sources and incompatibilities
(Sec. 5), especially liquid acids. Protect containers against physical damage. Store in glass bottles, cans, and steel drums.
Engineering Controls: Avoid direct contact with skin and tissue. Do not handle with bare hands! Practice good personal hygiene. Do not
expose sodium sulfide to any heat or ignition sources. Do not allow sodium sulfide to contact acids since their reaction evolvs toxic hydrogen
sulfide. -

Transportation Data (49 CFR 172101, .102)
DOT Shipping Name: Sodium sulfide, anhydrous, or Sodium  IMO Shipping Name: Sodium sulphide, anhydrous, or Sodium

sulfide with less than 30% water of crystallization sulphide with less than 30% water of crystallization
DOT Hazard Class: Flammable solid IMO Hazard Class: 4.2
ID No.: UN1385 ' IMO Label: Spontaneously combustible
DOT Label: Flammable solid IMDG Packaging Group: Il
DOT Packaging Requirements: 173.207 ID No.: UN1385
DOT Packaging Exceptions: 173.153
MSDS Collection References: 7, 73, 84, 85, 103, 123, 124, 126, 127, 136
Prepared by: MJ Allison, BS; Industrial Hygiene Review: DJ Wilson, CIH; Medical Review: MJ Hardies, MD w
mo|m»yoauauuqcummm—u-ummummkmjm-»uwhmummmmmm

are secessarily the purchaser’s responsibility. Although reasonable care has been taken in the preparation of such isformation, Gesiwn Publishing C m”m and sssumes
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Fersonal Frotective Equiopment

EYE/FACE PROTECTION

Weraor by glasses a coverall chemical eplash oofoles
arnt face shield when the possibility exists for eve or face
contact from airborne material .

RESFIRATORS

A NIOSHAMESA approved air purifying respirator with a

dust cartridge or canister may be permissible under

certain circumstances where airborne concentrations are

expected to exceed exposure limits. Frotection provided by

air purifying respirators is limited. Use & positive

pressure airv supplied respirator if there is any potential
Tor an uncontrolled release, exposure levels are not known,
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Material Safety Data Sheets Collection:
Genium Publishing Corporation
1145 Catalyn Street Sheet No. 73
Schenectady, NY 12303-1836 USA Zinc Metal/Powder
(518) 377-8854
Issued: 7/80 .Revision: A, 11/89

[Section 1. Material Identification

Zinc Metal/Powder Description: A metallic element extracted from ores which are first roasted to form zinc oxide and

R 1  NFP,

then: 1) the zinc oxide is leached from the roasted material with sulfuric acid to form a zinc sulfate solution which is 1 1 1
electrolyzed in cells to deposit zinc on cathodes and 2) the zinc oxide is reduced with carbon in retorts (distilling vessels) S | 1
to yield distilled and condensed zinc. Used as ingredient in alloys such as brass, bronze, and die~casting alloys; galvanizing K1 .
sheet iron; for electrical apparatus, especially castings, building materials, dry cell batteries, automotive equipment, :
household utensils, railroad car linings; as a fungicide; in nutrition (essential growth element); as reagent in analytical HMI
chemistry; in bleaching bone glue, manufacturing sodium hydrosulfite, and insulin zinc salts. H
Other Designations: Blue powder; spelter; granular zinc; jasad; merrillite; pasco; Zn; CAS No. 7440-66-6. F
Manufacturer: Contact your supplier or distributor. Consult the latest Chemicalweek Buyers' Guide (Genium ref. 73) . ll}PG
for a suppliers list.

Section 2.:Ingredients and Occupational Exposure Limi

Zinc metal/powder, ca 99%

OSHA PEL ACGIH TLYV, 1989-90 NIOSH REL, 1987 ' Toxicity Datat

None established* ~ None established* None established* : Human, inhalation, TC, : 124 mg/m*50 min,

pulmonary system effects

* The current OSHA standard and ACGIH (1989-1990) TWA for zinc oxide (ZnO) fumes is 5 mg/m®. The ACGIH TWA for zinc oxide dust is 10 mg/n?, providi
that total contains no asbestos and is <1% crystalline silica. NIOSH has recommended a 10-hr TWA of 5 mg/m’ and a ceiling level of 15 mg/m’ (15-min sample)
for zinc oxide fume. The TLV-TWA leve! was set to prevent metal fume fever,

1 See NIOSH, RTECS (ZG8600000), for additional data with references to irritative effects.

Section 3:;:Physical Data - -

Boiling Point: 907 °F (1663 °C) Atomic Weight: 65.37 g/mol

Melting Point: 419 °F (787 °C) Specific Gravity (H,0 = 1at 39 °F (4 °C)): 7.13 at 77 °F (25 °C)
Vapor Pressure: 1 mm Hg at 909 °F (487 °C) Water Solubility: Insoluble

Brinell Hardness: 31 Index of Explosibility, Zn Powder (<0.1 weak, >10 severe); 0.1

Appearance and Odor: Bluish-white lustrous metal, also finely divided forms.

ection re and Explosion Data

FIashPomt Ndhé.reported Autoignition Temperature: Cloud, 1256 °F (680 °C);* dust layer, [LEL: Dust cloud explosion,
860 °F (460°C);* powder, 650 mJ* 0.5 oz/ft®

Extinguishing Media: Use special dry chemical or clean dry sand. Never use CO,. Using a direct stream of water may scatter the fire or disper:
dust, creating a potentially explosive mixture if exposed to heat or ignition sources. A water spray may be used to cool fire-exposed containers
and disperse vapors. '

Unusual Fire or Explosion Hazards: Flammable hydrogen gas is liberated by reaction with alkali hydroxides (sodium, potassium, and calciun
hydroxides), acids, or even water (when material is in dust form) and is an explosion hazard in a confined space. In a fire, zinc may melt,
vaporize, and burn to form ZnO fumes (Sec. 2). v

Special Fire-fighting Procedures: For major fires, or if large quantities of this material are involved, fire fighters should wear appropriate
protective clothing and respiratory protection. Wear a self-contained breathing apparatus (SCBA) with a full facepiece operated in the pressure-
demand or positive-pressure mode. .

tzincamerasmmmammmmmmuumxmmmmmmmmzua
Production, Properties, and Applications, B.C. Hafford, W.E. Pepper, and T.B. Lioyd, |mz).nn1mm74mm:aa%-1q-kmm.mm
ignition semperature in CO, is 896 F (480 °C). The reaction temperature in a nitrogen atmosphere is 1112 °F (600 °C).

Shhﬂtyl?dymuhﬁm:bncnmblemdrymnmommmre.Mduﬁm&nmmaaoﬁuﬁaﬂyndmwymﬁ
Hazardous polymerization cannot occur.

Chemical Incompatibilities: Zinc dust is an explosion hazard when reacted with acids, chlorates, oxidizing agents (sulfur and oxygen), haloge:
nated hydrocarbons, hydrazine mononitrate, hydroxylamine, ammonium nitrate, barium dioxide, barium nitrate, cadmium, performic acid,
manganese chloride, nitric acid, ethyl acetoacetate and tribromoneopenty alcohol, tellurium, carbon disulfide, lead azide, magnesium and bariu
nitrate and barium dioxide, selenium, sodium peroxide, potassium nitrate, and water. In humans, a toxic effect results from inhaling 124 mg/m® «
zinc metal/powder for 50 min. )

Hazardous Products of Decomposition: Thermal oxidative decomposition of zinc can produce highly toxic fumes. Above 999 °F (537 °C)
vaporized zinc bumns in air with a blue-green flame to produce zinc oxide fumes.

Copyright © 1989 Genium Publishing
Ay ol wee or ep

Corporation.
duction withowt the publisher’s permission is prohiblsed.
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Section’67#Health

rcinogenicity: Neither the NTP, TARC, nor OSHA listszincasa earcmogen
Summary of Risks: Zinc is relatively nontoxic, but when combined with other materials such as oxygen or mineral acids, the resultmg com-
pounds can have toxic effects. It is not readily absorbed through the skin, gastrointestinal (GI tract), oc lungs. Although most inorganic zinc com-
pounds are potential causes of gastroenteric irritation, a high-level dose is relatively nontoxic when ingested. Zinc is considered essential to life.
Ingestion of soluble salts may cause nausea and vomiting, sluggishness, and light-headedness. Inhalation of zinc fumes normally generated by
zinc and extreme heat may cause metal fume fever, which is accompanied by throat dryness and irritation, coughing, weakness, dyspnea, and
generalized aching that generally passes within 24 hr. These symptoms usually begin 3 to 10 hr after exposure and resolve within 24 to 48 hr. In-
halation of zinc dust may cause mild irritation to the upper respiratory tract. Prolonged skin contact with zinc may cause a mild, drying dermatitis.
Medical Conditions Aggravated by Long-Term Exposure: Since metallic zinc particulates can be considered a musanee dust, repeated
inhalation of zinc dust could lead to respiratory complications.
Target Organs: Respiratory system.
Primary Entry: Inhalation, ingestion.
Acute Effects: Metal fume fever is an acute, self-limiting condition, without recognized complications, nﬁereffects or chronic forms. Symptoms
appear several hours after exposure. Removal from exposure normally alleviates symptoms with no residual or chronic effects. A degree of
tolerance may result from continued exposure, but is quickly lost after a day or two of nonexposure.
Chronic Effects: Zinc and zinc powder have little history of causing chronic effects.
FIRST AID -
Eyes: Flush |mmed|ately. mcludmg under the eyelids, gently but thoroughly with flooding amounts of mnnmg water for at least 15 min.
Skin: After rinsing affected area with flooding amounts of water, wash it with soap and water.
Inhalation: Remove exposed person to fresh air and support breathing as needed.
Ingestion: Never give anything by mouth to an unconscious or convulsing person. If ingested, have that conscious person drink 1 to 2 glasses of
water, then induce :epeated vomiting until vomit is clear. Physician's Note: Calcium disodium edetate (CaNa,-EDTA) has been used medlcally
to increase the rate of zinc removal from the body; however, this usually results from chronic fume exposure or exposure to zinc salts not to zinc
metal powders.
After ﬁrst ud, get appropriate ln-plant, panmedxc, or community medical attention and support.

Procedures

‘ Sp:lllbeak Noufy safety personnel of powder spills. Eliminate all heat and ignition sources. Cleanup personnel should protect agamst dust
inhalation and eye contact. Use nonsparking tools for cleanup. Sweep or otherwise place the spilled material in an appropriate, pressure-vented,
dry-metal container (with lid) for later disposal. Container should be pressure vented. Avoid creating airborne dust conditions. .

Disposal: Contact your supplier or a licensed contractor for detailed recommendations. Follow appheable Federal, state, and local regulations.
OSHA Designations

Air Contaminant (29 CFR 1910.1000, Subpart Z): Not listed
EPA Designations

RCRA Hazardous Waste (40 CFR 261.33): Not listed
Listed as a CERCLA Hazardous Substance* (40 CFR 302.4), Reportable Quantity (RQ): 1000 Ib (454 kg) [* per Clean Water Act, Sec. 307(a))
SARA Extremely Hazardous Substance (40 CFR 355): Not listed

ch (fume [ dust) |s hsted as SARA Toxlc Chemxcal (40 CFR 372 65)

ptotecuv yeg asses “or chemical safety goggles per OSHA eye- and aee-protecuon U

Respxrator' For zinc oxide dust or fume concentrations up to 50 mg/m’ and 250 mg/m>, use, respectively, a fume (high-efficiency particulate)
respirator or an air-supplied or self-contained respirator with a full facepiece. Follow OSHA respirator regulations (29 CFR 1910.134). For emer-
gency or nonroutine operations (cleaning spills, reactor vessels, or storage tanks), wear an SCBA.

Warning: Air-purifying respirators do not protect workers in oxygen-deficient atmospheres.

Other: Wear impervious gloves, boots, aprons, and gauntlets to prevent prolonged or repeated skin contact.

Ventilation: Provide general and local explosion-proof ventilation systems to maintain airbome concentrations below established TLVs-TWAs
(Sec. 2). Local exhaust ventilation is preferred since it prevents contaminant dispersion into the work area by eliminating it at its source (Genium
ref. 103).

Safety Stations: Make a-ailable in the work area emergency eyewash stations, safety/quick-drench showers, and washing facilities.
Contaminated Equipment: Never wear contact lenses in the work area: soft lenses may absorb, and all lenses concentrate, irritants. Launder
contaminated clothing before wearing. Remove this material from your shoes and equipment. Wash thoroughly before changing to street clothes.
Comments: Never eat, drink, or smoke in work areas. Practice good personal hygiene after using this material, especially before eating, drinking,
smoking, using the tonlet. or applying cosmetics.

Stongekeqdmments.Smmcowedmeulmnmmsdry well-vmulated,lowﬁxenskml’meetcontmnetsﬁomphyneeldamage
Never store with acids, halogenated hydrocarbons, or strong alkalis.

Engineering Coatrols: Avoid breathing dust or fumes. Usegoodhmsekwpmgmddeemnglechmquestonummuembammmmdm
preveat dust accumulation. Provide suitable training in personal hygiene and in the cause and effect of metal fume fever. Prevent exposure of
workers wnth respiratory problems or gastrointestinal disorders.

Transportation Data (49 CFR 172.102)

IMO Shipping Name: Zinc, powder or dust, nonpyrophoric ~  IMO Shipping Name: Zinc, powder or dust, pyrophoric

IMO Hazard Class: 4.3 " IMO Hazard Class: 4.2

IMO Label: Dangerous when wet IMO Label: Spontaneously combustible

IMDG Packaging Group: II IMDG Packaging Group: Il

MSDS Collection References: 2, 4-11, 24, 31, 39-41, 80, 81,84,85,91, 109

Prepared by: MJ Allison, BS; Industrial l-lyglene Review: DJ Wilson, CIH; Medlul Review Warren Silverman, MD ]
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