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ANSI
ASTM
CFR
CHO
CHP
CLSC
DOT
EHS
EPA
GFCI
GHS
HBr
HF
HEPA
HPLC
ISP
LC
LC50
LD50
LEL
MSDS
NFPA
OSHA
PCB
PHS
PI
PPE
RCRA
rDNA
SDS
SOP
UEL

American National Standards Institute
American Society of Testing and Materials
Code of Federal Regulations
Chemical Hygiene Officer
Chemical Hygiene Plan
Chemical and Laboratory Safety Committee
Department of Transportation
Environmental Health and Safety
Environmental Protection Agency
Ground Fault Circuit Interrupter
Globally Harmonized System of Classification and Labeling of Chemicals
Hydrogen Bromide
Hydrofluoric Acid
High-Efficiency Particulate Air
High Performance Liquid Chromatography
Integrated Safety Plan
Liquid Chromatography
Lethal Concentration 50%
Lethal Dose 50%
Lower Explosive Limit
Material Safety Data Sheet
National Fire Protection Association
Occupational Safety and Health Administration
Polychlorinated Biphenyl
Particularly Hazardous Substance
Principal Investigator
Personal Protective Equipment
Resource Conservation and Recovery Act
Recombinant Deoxyribonucleic Acid
Safety Data Sheet
Standard Operating Procedure
Upper Explosive limit
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1. Introduction
Safety is an integral part of laboratory work and is essential to ensure that compliance with all
applicable environmental, health and safety laws, regulations and requirements are met. The risks
associated with laboratory research (workplace injuries, environmental incidents, and property losses or
damage) are greatly reduced or eliminated when proper precautions and practices are observed in the
laboratory. To better manage and mitigate these risks, St. Louis College of Pharmacy has developed
this Chemical Hygiene Plan (CHP), which is intended to be the cornerstone of your laboratory safety
program and is designed to aid faculty, staff, and students in maintaining a safe environment in which
to teach and conduct laboratory work. Each laboratory using hazardous materials is required to have a
copy of the CHP readily available to all laboratory personnel. Each laboratory worker must be familiar
with the contents of the CHP and the procedures for obtaining additional safety information needed to
perform their duties safely.
1.1. Purpose
1.1.1. St. Louis College of Pharmacy is committed to providing a healthy and safe work
environment for the campus community. The St. Louis College of Pharmacy CHP
establishes a formal written program for protecting laboratory personnel against health
and safety hazards associated with exposure to hazardous chemicals and must be made
available to all employees working with hazardous chemicals in a laboratory setting. The
CHP describes the proper use and handling procedures to be followed by faculty, staff,
students, and all other personnel working with hazardous chemicals in laboratory settings.
1.2. Scope
1.2.1. The CHP applies to all laboratories that use, store, or handle hazardous chemicals and
all personnel who work in these facilities. The information presented in the CHP represents
best practices and provides a broad overview of the information necessary for the safe
operation of laboratories that utilize hazardous chemicals. Laboratory use of hazardous
chemicals is defined as handling or use of such chemicals in which all of the following
conditions are met:
1.2.1.1.
Chemical manipulations are carried out on a laboratory scale;
1.2.1.2.
Multiple chemical procedures or chemicals are used;
1.2.1.3.
The procedures involved are not part of a production process, nor in any way
simulate a production process; and
1.2.1.4.
Protective laboratory practices and equipment are made available and in
common use to minimize the potential for employee exposure to hazardous
chemicals.
1.2.2. The CHP was prepared in accordance with the requirements of the Occupational Safety
and Health Administration (OSHA) Occupational Exposure to Hazardous Chemicals in
Laboratories Standard (Lab Standard) found in 29 CFR 1910.1450, and is based on best
practices identified in, among other sources, the “Global Harmonized System of
Classification and Labeling of Chemicals”.
1.3. How to Use the CHP
1.3.1. The information presented in the CHP represents best practices and provides a broad
overview of the information necessary for the safe operation of laboratories that utilize
hazardous chemicals. It is not intended to be all-inclusive. Departments engaged in work
with hazardous chemicals or hazardous operations that are not sufficiently covered by
the CHP must customize this document by adding appropriate sections, in the form of
standard operating procedures (SOPs), hazard assessments, and any other written labspecific operating procedures that address the hazards and how to mitigate risks. The
following instructions detail how this CHP template should be used and customized by
each laboratory:
1.3.1.1.
Review this template CHP provided by Environmental Health & Safety.
1.3.1.2.
Insert your lab-specific standard operating procedures (SOPs) into your
customized CHP under Tab 1 located in the back of the CHP document.
1.3.1.3.
Insert all other documented lab-specific rules, requirements, and
procedures (e.g., equipment protocols, internal lab inspections, etc.,) under
Tab 2.
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1.3.1.4.
Insert your lab-specific hazard assessments under Tab 3. More details regarding
hazard assessments can be found in Chapter 11 of the CHP.
1.3.1.5.
Review, update (if necessary), and retrain all employees on the lab-specific
CHP at least annually.
1.4. Employee Rights and Responsibilities
1.4.1. As part of the OSHA Laboratory Standard, employees and other personnel who work
in laboratories have the right to be informed about the potential hazards of the
chemicals in their work areas and to be properly trained to work safely with these
substances. This includes custodial and maintenance personnel (support staff) who
work to maintain laboratories. All personnel, including principal investigators, laboratory
supervisors, laboratory technicians, student workers, and support staff have a
responsibility to maintain a safe work environment. All personnel working with
chemicals are responsible for staying informed on the chemicals in their work areas,
safe work practices and SOPs, and proper personal protective equipment (PPE)
required for the safe performance of their laboratory work.
1.5. Laboratory Supervisor Responsibilities
1.5.1. The Laboratory Supervisor is the individual that is ultimately responsible for the
overall laboratory operation, including the lab safety program and ensuring that the
requirements of the CHP are followed by all staff members that work in the lab. For
educational laboratories, the Laboratory Materials Manager is the Laboratory
Supervisor. For most research laboratories, the Principal Investigator (PI) is the
Laboratory Supervisor. In cases where the PI has hired an individual such as a lab
manager or postdoctoral scholar to manage the daily operations of the lab, the PI is still
ultimately responsible for the overall operation of the lab and is considered to be the
Laboratory Supervisor. The Laboratory Supervisor may delegate some safety duties to a
qualified individual, but ultimately remains responsible for the safety of all personnel
working in the laboratory. Specifically, the Laboratory Supervisor must:
1.5.1.1.
Understand applicable environmental health and safety rules, including the
contents of the CHP;
1.5.1.2.
Identify hazardous conditions or operations in the laboratory and establish
SOPs and hazard assessments to effectively control or reduce hazards;
1.5.1.3.
Ensure that all laboratory personnel that work with hazardous chemicals
receive appropriate training (refer to section 15 for detailed training
requirements);
1.5.1.4.
Maintain written records of laboratory-specific training (e.g., PPE training);
1.5.1.5.
Ensure that appropriate PPE (e.g., laboratory coats, gloves, eye protection,
etc.,) and engineering control equipment (e.g., chemical fume hood) are made
available, in good working order, and being used properly;
1.5.1.6.
Conduct periodic lab inspections and immediately take steps to abate
hazards that may pose a risk to life or safety upon discovery of such hazards; and
1.5.1.7.
Actively enforce all applicable safety procedures and ensure that the CHP is
followed by lab staff and all visitors, including having a progressive disciplinary
process for lab staff members that do not comply with safety rules.
1.5.2. Laboratory Supervisors must ensure that employees receive CHP training and
information before any work with hazardous materials occurs. Laboratory Supervisors
must also ensure that all employees receive annual CHP refresher training. The
Laboratory Supervisor can provide the training or delegate this task to a qualified
individual (e.g., Laboratory Safety Officer, senior lab employee). The CHP training must be
documented. Failure to follow the requirements of the CHP could possibly result in
injuries, fines from regulatory agencies such as OSHA, and/or disciplinary action.
1.6. Laboratory Employee Responsibilities
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1.6.1. All employees (e.g., lab technicians, students, and visiting scientists) working in
laboratories that use, handle, or store hazardous chemicals must:
1.6.1.1.
Review and follow the requirements of the CHP;
1.6.1.2.
Follow all verbal and written laboratory safety rules, regulations, and SOPs
required for the tasks assigned;
1.6.1.3.
Develop and practice good personal chemical hygiene habits such keeping work
areas clean and uncluttered;
1.6.1.4.
Plan, review, and understand the hazards of materials and processes in the
laboratory prior to conducting work;
1.6.1.5.
Utilize appropriate measures to control hazards, including consistent and
proper use of engineering controls, administrative controls, and PPE;
1.6.1.6.
Understand the capabilities and limitations of PPE;
1.6.1.7.
Immediately report all accidents, near misses, and unsafe conditions to the
laboratory supervisor;
1.6.1.8.
Complete all required and/or other mandatory safety training and provide
written documentation to the laboratory supervisor;
1.6.1.9.
Participate in the managed medical surveillance program when required; and
1.6.1.10. Inform the Laboratory Supervisor of any work modifications ordered by a
physician as a result of medical surveillance, occupational injury, or chemical
exposure;
1.7. Laboratory Safety Officer Responsibilities
1.7.1. Very often it is not practical for the Laboratory Supervisor (PI) to be present in the lab
on daily basis to ensure that safe and compliant practices are being carried out by all
lab staff. For this reason, it is highly recommended that each PI establish a Laboratory
Safety Officer to manage the daily operations of the lab’s safety program. The PI should
empower the Laboratory Safety Officer to make decisions on daily operations involving
safety and compliance, including the authority to instruct other lab personnel to follow
all safety procedures (e.g., PPE use, hazardous waste procedures, etc.). This person
should be familiar with how the lab operates and have demonstrated lab safety
experience (e.g., senior graduate student, post-doc, lab manager). Having a Laboratory
Safety Officer in each lab provides many benefits such as:
1.7.1.1.
Other lab personnel know who to contact with questions about daily
operations involving safety and compliance;
1.7.1.2.
Empowers someone other than the PI to enforce lab safety rules;
1.7.1.3.
Provides consistency within the respective department; idea is that each
Laboratory Safety Officer attends departmental safety committee meetings and
reports issues back to the lab; and
1.7.1.4.
Provides good, marketable experience for the Laboratory Safety Officer to be
involved in a safety leadership role.
1.7.2. The role of the Laboratory Safety Officer should include:
1.7.2.1.
Provide training to new lab personnel; ensure appropriate training is given
and that the training is properly documented;
1.7.2.2.
Enforce lab safety rules;
1.7.2.3.
Attend departmental/college level safety committee meetings and report
significant information back to the lab; and
1.7.2.4.
Report safety issues back to the PI when necessary.
1.7.3. Non-Laboratory Personnel / Support Staff Responsibilities
1.7.3.1.
Custodians and maintenance staff (support staff) often must enter
laboratories to perform routine tasks such as cleaning and equipment
maintenance. Support staff members are expected to follow the posted safety rules
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of each laboratory. Minimum PPE requirements for support staff working in a
laboratory are safety glasses, long pants, and closed-toe shoes. If additional PPE is
required or if other unique safety requirements must be followed, it is the lab
personnel’s responsibility to notify support staff.
1.7.4. Chemical Hygiene Officer Responsibilities
1.7.4.1.
The Chemical Hygiene Officer’s responsibilities falls upon each individual lab
supervisor or PI, or designated individual(s), has the primary responsibility for
ensuring the implementation of all components of the CHP. The Chemical Hygiene
Officer must:
1.7.4.1.1.
Inform Laboratory Supervisors of all health and safety requirements
and assist with the selection of appropriate safety controls (engineering
controls, administrative controls, and PPE);
1.7.4.1.2.
Ensure that Laboratory Supervisors have the necessary resources to
maintain compliance with the CHP and that all lab staff receive appropriate
training;
1.7.4.1.3.
Act as the liaison between the Laboratory Supervisors and the
Chemical Laboratory Safety Committee;
1.7.4.1.4.
Conduct periodic lab inspections and immediately take steps to
abate hazards that may pose a risk to life or safety upon discovery of such
hazards;
1.7.4.1.5.
Ensure that SOPs and hazard assessments are being prepared;
1.7.4.1.6.
Maintain employee exposure-monitoring records, when applicable;
1.7.4.1.7.
Help to develop and implement appropriate environmental
health and safety policies and procedures;
1.7.4.1.8.
Review and evaluate the effectiveness of the CHP program at least
annually and update it as appropriate; and
1.7.4.1.9.
Actively enforce all applicable safety procedures and ensure the
contents of the CHP are followed; take appropriate actions when safety
procedures are not followed.
1.8. Radiological and Environmental Safety
1.8.1. The Office of Emergency Management within the Office of Public Safety serves as the
environmental health and safety department for St. Louis College of Pharmacy. EH&S’
primary role is to manage regulatory compliance with all federal, state, and OSHA
regulations involving environmental health and safety issues. EH&S facilitates a number
of programs that apply to laboratory safety, a few of which include biological safety,
personal protective equipment program, radiation safety, development of standard
operating procedures, as well as the CHP. EH&S also performs numerous safety
inspections of facilities throughout the year to monitor compliance with regulatory
requirements. EH&S provides a variety of services such as training, chemical, biological,
and radioactive waste pickups, and safety consultation.
1.8.2. In addition to providing these services, STLCOP EH&S will work in partnership with
Washington University regarding radiological & biological safety and compliance policies
and research memorandums of understanding (MOUs).
1.9. Emergency Management Framework
1.9.1. It is the policy of St. Louis College of Pharmacy to integrate environmental health and
safety into all operations. St. Louis College of Pharmacy’s emergency management
framework program, which is facilitated by Office of Emergency Management and was
developed to provide a framework for laboratories to comply with environmental health
and safety (EHS) regulations. The EMF assists in communication of EHS issues across
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the organization and calls for departmental level safety committees and individual selfaudits. The EMF provides indemnification from regulatory fines unites with a certified
safety program. An EMF certified safety program must have the following elements:
1.9.1.1.
Regular safety committee meetings;
1.9.1.2.
Means of communicating safety issues to the department in a timely manner;
1.9.1.3.
Upper administrative support for safety;
1.9.1.4.
Self-audits checklists, which is a self-inspection program, must be completed
for all areas;
1.9.1.5.
Abatement of deficiencies found during the self-audits;
1.9.1.6.
An annual safety program audit and walk-through by EH&S; and
1.9.1.7.
Recommendation for ISP certification renewal from EH&S
1.9.2. More information about the EMF program can be found on the campus safety website
1.10.
Chemical and Laboratory Safety Committee
1.10.1. St. Louis College of Pharmacy has established the Safety Committee with the
responsibility to promote safe and proper chemical management on campus and
satellite facilities. Chemical management includes, but is not limited to, the
procurement and the safe handling, use, storage, and disposal of chemicals. The Safety
Committee reviews lab safety programs and makes recommendations to the lab
manager as appropriate. The Safety Committee consists of members from EH&S, Basic
Sciences, Pharmacy Practice, Pharmaceutical and Administrative Sciences, and Center for
Clinical Pharmacology.
2. Chemical Classification System
2.1. Chemical classification systems are designed to communicate hazards. The three most
widely used classification systems are the OSHA Globally Harmonized System for Classifying
and Labeling Chemicals (recently adopted and implemented under the OSHA Hazard
Communication Standard), the National Fire Protection Association (NFPA) system of
classifying the severity of hazards, and the Department of Transportation (DOT) hazard
classes. These classification systems are used by chemical manufacturers when creating
safety data sheets and chemical labels, therefore it is important that St. Louis College of
Pharmacy lab employees understand the basic elements of each classification system.
2.2. Further details can be found in STLCOP Hazard Communication Program as well as the GHS
policy.
2.3. Globally Harmonized System for Classifying Chemicals
2.3.1. The Globally Harmonized System (GHS) is a world-wide system adopted by OSHA for
standardizing and harmonizing the classification and labeling of chemicals. The
objectives of the GHS are to:
2.3.1.1.

Define health, physical, and environmental hazards of chemicals;

2.3.1.2.
Create classification processes that use available data on chemicals for
comparison with the defined hazard criteria (numerical hazard classification is
based on a 1 – 5 scale, 1 being the most hazardous and 5 being the least
hazardous); and
2.3.1.3.
Communicate hazard information, as well as protective measures, on labels
and Safety Data Sheet (SDS), formerly known as Material Safety Data Sheets
(MSDS).
2.3.1.4.

Figure 2.2.1.4 depicts GHS Transport Hazard classes

2.4. Safety Data Sheets
2.4.1. The SDS provides comprehensive information that is imperative for the safe handling
of hazardous chemicals. Laboratory personnel should use the SDS as a resource to
obtain information about hazards and safety precautions. SDSs cannot provide
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information for hazards in all circumstances. However, the SDS information enables the
employer to develop an active program of worker protection measures such as training
on hazard mitigation. Chemical manufacturers are required to use a standard format
when developing SDSs. The SDS will contain 16 headings.
2.5. Chemical Labeling
2.5.1. The GHS standardized label elements, which are not subject to variation and must
appear on the chemical label, contain the following elements:
2.5.1.1.
Symbols (hazard pictograms) are used to convey health, physical and
environmental hazard information, assigned to a GHS hazard class and category;
2.5.1.2.
Signal Words such as “Danger" (for more severe hazards) or "Warning" (for
less severe hazards), are used to emphasize hazards and indicate the relative level
of severity of the hazard assigned to a GHS hazard class and category;
2.5.1.3.
Hazard statements (e.g., “Danger! Extremely Flammable Liquid and Vapor”)
are standard phrases assigned to a hazard class and category that describe the
nature of the hazard; and
2.5.1.4.
Precautionary statements are recommended measures that should be taken
to minimize or prevent adverse effects resulting from exposure to the hazardous
chemical.
2.5.2. GHS also standardizes the hazard pictograms that are to be used on all hazard labels
and SDSs. There are 9 pictograms that represent several defined hazards, and include
the harmonized hazard symbols which are intended to convey specific information about
each hazard.
2.5.3. GHS labeling requirements are applicable to chemical manufacturers, distributors,
and shippers of chemicals. GHS labeling requirements are not required for chemicals
being stored in a laboratory. However, since most chemicals stored in the laboratory
have been purchased from a chemical manufacturer, the GHS labeling and pictogram
requirements are very relevant and must be understood by laboratory employees. Figure
2.4.3 illustrates the GHS label format showing the required elements.
2.5.4. As mentioned earlier, one of the objectives of GHS was to create a quantitative hazard
classification system (numerical hazard classification is based on a 1 – 5 scale, 1 being
the most hazardous and 5 being the least hazardous) based on physical characteristics
such as flash point, boiling point, lethal dose of 50% of a population, reactivity, etc. Table
2.1 illustrates how the numerical hazard classification works for flammable liquids. More
detailed information on GHS can be found on the OSHA website.
(https://www.osha.gov/dsg/hazcom/ghs.html)
2.6. National Fire Protection Association Rating System
2.6.1. The NFPA system uses a diamond-shaped diagram of symbols and numbers to
indicate the degree of hazard associated with a particular chemical. This system was
created to easily and quickly communicate hazards to first responders in the event of an
emergency situation. These diamond-shaped symbols are placed on chemical containers
to identify the degree of hazard associated with the specific chemical or chemical
mixture. The NFPA system is a common way to identify chemical hazards and should be
understood by laboratory employees. The NFPA 704 numerical rating system is based on
a 0 – 4 system; 0 meaning no hazard and 4 meaning the most hazardous (note: this in
contrast to the GHS system where 1 is the most hazardous and 4 is the least hazardous).
Figure 2.4 illustrates the NFPA hazard rating system and identifies both the hazard
categories and hazard rating system.
2.7. Department of Transportation Hazard Classes

2.7.1. The DOT regulates the transportation of all hazardous materials in the United States,
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and defines a hazardous material as any substance that has been determined to be
capable of posing an unreasonable risk to health, safety, or property when transported in
commerce. There are several methods that can be employed to determine whether a
chemical is hazardous for transport, a few of which included:
2.7.1.1.

Reviewing the DOT Hazardous Materials Table (49 CFR 172.101);

2.7.1.2.
Reviewing the SDS, specifically Section 2: Hazardous Identification and
Section 14: Transport Considerations, for the chemical being shipped, as detailed
above in Section 2.3 of the CHP;
2.7.1.3.
Reviewing the chemical label and looking for hazard information detailed
above in Section 2.3 of the CHP; and
2.7.1.4.
Understanding the chemical and physical properties of the chemical
2.7.2. All hazardous chemicals must be properly labeled by the chemical manufacturer or
distributor before transportation occurs. Chemical containers stored in laboratories are not
required to be labeled per DOT standards; however the DOT 9 hazard classes are often
seen on chemical containers and are discussed in Section 14 of GHS-formatted SDSs. The
DOT 9 hazard classes are illustrated below in Figure 2.5.1. It should be noted that Figure
2.5.1 only lists the primary hazard classes, the sub classes (e.g., Organic Peroxides, DOT
Class 5.2) were omitted for stylistic purposes.
3. Chapter 3: Classes of Hazardous Chemicals
3.1.1. Chemicals can be divided into several different hazard classes. The hazard class
provides information to help determine how a chemical can be safely stored and handled.
Each chemical container, whether supplied by a chemical manufacturer or produced in the
laboratory, must have a label that clearly identifies the chemical constituents. In addition
to a specific chemical label, more comprehensive hazard information can be found by
referencing the SDS for that chemical. The Hazard Communication Standard defines a
hazardous chemical as any chemical which can cause a physical or health hazard. This
definition of a hazardous chemical and the GHS primary classes of chemicals are briefly
discussed below.
3.2. Physical Hazards
3.2.1. A chemical is a physical hazard if there is scientifically valid evidence that it is
flammable, combustible, compressed gas, explosive, organic peroxide, oxidizer,
pyrophoric, self-heating, self-reactive, or water-reactive. Each physical hazard is briefly
defined below. Refer to Appendix B (section B.1) for detailed information on each physical
hazard.
3.2.1.1.
Explosives: A liquid or solid which is in itself capable by chemical reaction of
producing gas at such a temperature and pressure and at such a speed as to
cause damage to the surroundings.
3.2.1.2.
Flammable Liquids: Materials which under standard conditions can generate
sufficient vapor to cause a fire in the presence of an ignition source and have a
flash point no greater than 93 °C (200 °F).
3.2.1.3.
Flammable Solid: A solid which is readily combustible, or may cause or
contribute to a fire through friction.
3.2.1.4.
Gases under Pressure: Gases which are contained in a receptacle at a
pressure not less than 280 kPA at 20 °C or as a refrigerated liquid.
3.2.1.5.
Organic Peroxide: A liquid or solid which contains the bivalent -0-0- structure and
may be considered a derivative of hydrogen peroxide, where one or both of the
hydrogen atoms have been replaced by organic radicals.
3.2.1.6.
Oxidizer: A liquid or solid, while in itself is not necessarily combustible,
may generally by yielding oxygen, cause or contribute to the combustion of
other material.
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3.2.1.7.
Pyrophoric Substance (also called Spontaneously Combustible): A liquid or solid
that even in small quantities and without an external ignition source can ignite after
coming in contact with the air.
3.2.1.8.
Self-Heating Substance: A liquid or solid, other than a pyrophoric substance,
which, by reaction with air and without energy supply, is liable to self-heat.
3.2.1.9.
Self-Reactive Substance: A liquid or solid that is liable to undergo strong
exothermic thermal decomposition even without participation of oxygen (air).
3.2.1.10. Water-Reactive Substance: A liquid or solid that reacts violently with
water to produce a flammable or toxic gas, or other hazardous conditions.
3.3. Health Hazards
3.3.1. Certain chemicals cannot be safely mixed or stored with other chemicals
because a severe reaction can take place or an extremely toxic reaction product
can result. The following are examples of physical hazards affiliated with
chemicals:
3.3.1.1.
Flammables and combustibles:
3.3.1.1.1.
Flammable materials can generate sufficient vapors at
temperatures below 100°F (38°C); combustibles, at temperatures at
or above 100°F (38°C) and below 140°F (60°C). The vapors of these
materials are invisible, and a vapor trail to an ignition source away
from the immediate area can result in a flashback.
3.3.1.1.2.
Flammables are more hazardous at elevated temperatures due
to more rapid vaporization. In addition, flammable and combustible
materials react with oxidizers which can result in a fire.
3.3.1.1.3.
Eliminate ignition sources such as open flames, hot surfaces,
sparks from welding or cutting, operation of electrical equipment, and
static electricity.
3.3.1.1.4.
Minimize the quantity kept in the work area and store in
approved flammable liquid containers (safety cans) and storage
cabinets, or in a special storage room designed for that purpose.
3.3.1.1.5.
Store away from oxidizing materials.
3.3.1.1.6.
Refrigerators and freezers used for the storage of flammable or
combustible liquids must have no internal sources of ignition, such as
a flammables refrigerator or explosion proof refrigerator.
3.3.1.1.7.
Ensure that there is proper bonding and grounding when it is
required, such as when transferring or dispensing a flammable liquid
from a large container or drum. Bonding and grounding must be
checked regularly.
3.3.1.1.8.
Ensure that appropriate fire control systems or extinguishers
are available.
3.3.1.2.
Corrosives:
3.3.1.2.1.
Corrosives are materials which can react with the skin causing
burns similar to thermal burns, and/or which can react with metal
causing deterioration of the metal surface. A corrosive material can
be either an acid or base.
3.3.1.2.2.
Containers and equipment used for storage and processing of
corrosive materials should be corrosion resistant.
3.3.1.2.3.
Eye protection and rubber gloves should always be used when
handling corrosive materials. A face shield, rubber apron, and rubber
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boots may also be appropriate, depending on the work performed.
3.3.1.2.4.
When mixing concentrated acids (caustics) with water, add the
acid (caustic) slowly to water. NEVER add water to acid (caustic).
3.3.1.2.5.
Acids and bases should be stored separately from each other.
Organic acids should be stored separate from oxidizing acids. If acids
and bases are stored in the same cabinet, then the materials should
be physically separated from one another through the use of
containment items, such as a plastic autoclave pan.
3.3.1.3.
Oxidizers:
3.3.1.3.1.
Oxidizers are materials which readily yield oxygen or another
oxidizing gas, or that readily react to promote or initiate combustion of
flammable/combustible materials.
3.3.1.3.2.
Uncontrolled/unknown oxidation reactions are a frequent
cause of chemical accidents.
3.3.1.3.3.
Know the reactivity of the materials involved in the experiment
or process.
3.3.1.3.4.
Make sure that there are no extraneous materials in the area
which could become involved in a reaction.
3.3.1.3.5.
If the reaction can be violent or explosive, use shields or other
methods for isolating the materials or the process.
3.3.1.3.6.
Use the minimum amounts necessary for the procedure. Do
not keep excessive amounts of the material in the vicinity of the
process.
3.3.1.3.7.
Oxidizers should be stored away from organic materials,
flammable materials and other reducing agents.
3.3.1.3.8.
Perchloric acid should be used only in specially-designed
Perchloric acid fume hoods equipped with wash-down systems to
prevent deposition of shock-sensitive perchlorates in the ductwork and
machinery. Before purchasing Perchloric acid, the laboratory
supervisor should arrange for use of an approved Perchloric acid hood.
3.3.1.4.
Pyrophoric/water-reactive materials:
3.3.1.4.1.
Materials which react with water to produce a flammable or
toxic gas, or other hazardous condition are said to be water-reactive.
Pyrophoric materials ignite spontaneously upon contact with air. The
flame may or may not be visible. Store and use all pyrophorics in an
inert atmosphere.
3.3.1.4.2.
Examples of water-reactives include alkali and alkaline earth
metals (e.g. Li, Na, K, Ca, Mg), metal hydrides, some metal and
nonmetal chlorides (e.g. SiCl4, PCl3, AlCl3), calcium carbide, acid
halides and acid anhydrides. Examples include butyl lithium, silane,
and yellow phosphorous.
3.3.1.4.3.
Fire and explosion are serious concerns when working with
these materials.
3.3.1.4.4.
Special precautions for safe handling of water-reactive
materials will depend on the specific material, and the conditions of
use and storage. Review SDS for information on the safe use and
storage of a specific material.
3.3.1.4.5.
The policy and guidelines for safe handling of these materials,
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as well as a list of some pyrophoric/water-reactive materials can be
found on the EH&S website.
3.3.1.5.
Peroxide forming materials:
3.3.1.5.1.
Peroxidizables are substances or mixtures which react with
oxygen, light, or heat to form unstable peroxides.
3.3.1.5.2.
Some peroxides can explode with impact, heat, or friction such
as that caused by removing a lid.
3.3.1.5.3.
Peroxides form inside the containers of some materials even if
they have not been opened.
3.3.1.5.4.
Examples include ethyl ether, tetrahydrofuran, liquid paraffins
(alkanes), and olefins (alkenes).
3.3.1.5.5.
Review SDS for information on the safe use and storage of a
specific material.
3.3.1.5.6.
All materials must be dated when received, dated when opened
and appropriately managed according to schedule.
3.3.1.5.7.
The schedule and guidelines for safe handling of these
materials, as well as a list of some potential peroxide forming
materials can be found on the EH&S website.
3.3.1.6.
Light-sensitive materials:
3.3.1.6.1.
Light-sensitive materials are unstable with respect to light
energy.
3.3.1.6.2.
They tend to degrade in the presence of light, forming new
compounds which can be hazardous, or resulting in conditions such as
pressure build-up inside a container which may be hazardous.
3.3.1.6.3.
Store light-sensitive materials in a cool, dark place in amber
colored bottles or other containers which reduce or eliminate
penetration of light.
3.3.1.6.4.
Review SDS for information on the safe use and storage of a
specific material.
3.3.1.7.
Shock-sensitive or explosive materials:
3.3.1.7.1.
Shock-sensitive/explosive materials are substances or mixtures
which can spontaneously release large amounts of energy under
normal conditions, or when struck, vibrated, or otherwise agitated.
3.3.1.7.2.
Some materials become increasingly shock-sensitive with age
and/or loss of moisture.
3.3.1.7.3.
The inadvertent formation of shock-sensitive/explosive
materials such as peroxides, perchlorates, picrates and azides is of
great concern in the laboratory.
3.3.1.7.4.
Review SDS for information on the safe use and storage of a
specific material.
3.3.2. Other examples of physical hazards in the laboratory
3.3.2.1.
Compressed Gases:
3.3.2.1.1.
a “compressed gas” must meet one or more of the following:
(1) a gas or mixture of gases in a container having an absolute
pressure exceeding 40 pounds per square inch (psi) at 70°F (21.1°C);
(2) a gas or mixture of gases having an absolute pressure exceeding
104 psi at 130°F (54.4°C) regardless of the pressure at 70°F
(21.1°C); (3) a liquid having a vapor pressure exceeding 40 psi at
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100°F (37.8°C) as determined by ASTM D-323-72
3.3.2.1.2.
Compressed gases can expose the trained laboratory personnel
to both mechanical and chemical hazards, depending on the gas.
3.3.2.1.3.
Hazards can result from the flammability, reactivity, or toxicity
of the gas; from the possibility of asphyxiation; and from the gas
compression itself, which could lead to a rupture of the tank or valve.
3.3.2.1.4.
All cylinders whether empty or full must be stored upright.
3.3.2.1.5.
Secure cylinders of compressed gases. Cylinders should never
be dropped or allowed to strike each other with force.
3.3.2.1.6.
Transport compressed gas cylinders with protective caps in
place and do not roll or drag the cylinders.
3.3.2.2.
Nonflammable cryogens and dry ice:
3.3.2.2.1.
Cryogens, substances used to produce very low temperatures
[below -153°C (-243°F)], such as liquid nitrogen (LN2) which has a
boiling point of -196°C (-321°F), are commonly used in laboratories.
Although not a cryogen, solid carbon dioxide or dry ice which converts
directly to carbon dioxide gas at -78°C (-109°F) is also often used in
laboratories. Shipments packed with dry ice, samples preserved with
liquid nitrogen, and in some cases, techniques that use cryogenic
liquids, such as cryogenic grinding of samples, present potential
hazards in the laboratory.
3.3.2.2.2.
The safety hazards associated with the use of cryogenic liquids
or dry ice are categorized as follows:
3.3.2.2.2.1.
Cold contact burns - Liquid or low-temperature gas from
any cryogenic substance will produce effects on the skin similar
to a burn.
3.3.2.2.2.2.
Asphyxiation - Degrees of asphyxia will occur when the
oxygen content of the working environment is less than 20.9% by
volume. This decrease in oxygen content can be caused by a
failure/leak of a cryogenic vessel or transfer line and subsequent
vaporization of the cryogen. Effects from oxygen deficiency
become noticeable at levels below approximately 18% and
sudden death may occur at approximately 6% oxygen content by
volume.
3.3.2.2.2.3.
Explosion (Pressure) - Heat flux into the cryogen from
the environment will vaporize the liquid and potentially cause
pressure buildup in cryogenic containment vessels and transfer
lines. Adequate pressure relief should be provided to all parts of
a system to permit this routine off-gassing and prevent explosion.
3.3.2.2.2.4.
Explosion (Chemical) - Cryogenic fluids with a boiling
point below that of liquid oxygen are able to condense oxygen
from the atmosphere. Repeated replenishment of the system can
thereby cause oxygen to accumulate as an unwanted
contaminant. Similar oxygen enrichment may occur where
condensed air accumulates on the exterior of cryogenic piping.
Violent reactions, e.g., rapid combustion or explosion, may occur
if the materials which make contact with the oxygen are
combustible.
3.3.2.2.3.
Whenever handling or transferring cryogenic fluids might result
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in exposure to the cold liquid, boil-off gas, or surface, protective
clothing must be worn, which includes face shield or safety goggles,
cryogenic gloves and long-sleeved shirts, lab coats, aprons.
3.3.2.2.4.
Eye protection is required at all times when working with
cryogenic fluids. When pouring a cryogen, working with a wide-mouth
Dewar flask or around the exhaust of cold boil-off gas, use of a full
face shield is recommended. Hand protection is required to guard
against the hazard of touching cold surfaces. It is recommended that
cryogen safety gloves be used by the worker.
3.3.2.2.5.
Due to the high expansion ratios for liquid cryogens and ability
for solid CO2 to sublimate, these materials should only be stored in
areas with adequate ventilation.
3.3.2.2.6.
Large mobile Dewars or LN2 refrigerators (or the trolleys
carrying these) used for transporting cryogens within a building or
between buildings should be equipped with a braking mechanism.
3.3.2.2.7.
Large mobile Dewars at risk for tipping should be transported
on appropriate carts. Wheeled trolleys may not be used if the vessel
must pass over elevator thresholds or other slots/crevasses wider
than 25% of the wheel width. Use two people to move tall mobile
Dewars over door thresholds, if there is the possibility of tipping the
container.
3.3.2.2.8.
Smaller vessels of liquid nitrogen or other cryogens transported
by hand within or between buildings must have a handle or bail, and
must be covered.
3.3.2.3.
High pressure reactions and equipment:
3.3.2.3.1.
Pressurized vessels, chambers, and lines have specific hazards
associated with their operation. These pressurized components exist in a
diverse array of laboratory equipment including hydraulic systems, analytical
fluid paths, autoclaves, reactors and test chambers, atomization/spraying
devices, refrigeration equipment, and anything connected to a high pressure
pump or gas cylinder. These systems are typically complex and require training
prior to use.
3.3.2.3.2.
Developing thorough knowledge of each specific system via instruction
and close supervision is highly recommended.
3.3.2.3.3.
The vessel and all components must be properly selected for the
process parameters including operating pressure, temperature, and chemical
compatibility. Also, when designing or purchasing a pressure vessel, consider
safety margin, inspection and certifications, design life, and decommissioning.
3.3.2.3.4.
Always operate vessel within design specifications. Never use a vessel if
specifications are unknown or if there is any indication a vessel has been
damaged or degraded. Many commercial vessels are ASME Code stamped (or
rated) for a particular use.
3.3.2.3.5.
All pressurized vessels must have a pressure relief valve or other safety
device to prevent catastrophic failure of the vessel. The relief valve should be
tested regularly. When hazardous vapors are involved, make sure the safety
relief mechanisms are properly vented.
3.3.2.3.6.
The chamber or vessel must be inspected regularly. If feasible,
dimensional inspections should be performed periodically during service to
check for plastic deformation or wall thickness loss. Pay particular attention to
high-pressure fittings and seals.
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3.3.2.3.7.
Accurate records of use must be maintained. Most vessels have a
specified “service life” or number of cycles permitted between inspections or
replacement of components.
3.3.2.3.8.
Prepare for power outages whether you are present or not. Some
automatic valves close upon loss of power or actuation air, some open.
Understand and mitigate any hazardous effects that a series of valve openings
and closings will have upon the system's safety.
3.3.2.3.9.
Follow manufacturer's instructions when operating so as to avoid injury
and/or damage to equipment and facilities.
3.3.2.4.
Vacuum work:
3.3.2.4.1.
Many laboratories employ vacuum apparatus for analytical equipment
like mass spectrometers, reactive chemical handling and transfer in Schlenk
lines, filtration, and desiccation.
3.3.2.4.2.
Inspect glassware that will be used for reduced pressure to make sure
there are no defects such as chips or cracks that may compromise its integrity.
3.3.2.4.3.
Use only approved glassware for low pressure work. Never use a flat
bottom flask (unless it is a heavy-walled filter flask) or other thin-walled flask
that is not appropriate to handle desired pressure.
3.3.2.4.4.
Collection flasks for vacuum systems should be plastic or plastic-coated
glass. Otherwise, plastic or wire mesh may be used, or the flask may be taped.
3.3.2.4.5.
Glass Dewar flasks, some distillation columns and other apparatus are
permanently under vacuum. The same precautions apply to these items. Note
that “Thermos” flasks are especially thin and prone to breakage. Wrap them
with tape to contain glass shards in the event of an implosion.
3.3.2.5.
Magnets
3.3.2.5.1.
Increasingly, instruments that generate large magnetic fields (e.g., NMR
spectrometers and MRI units) are present in research laboratories. Such
magnets typically have fields of 14,000 to 235,000 gauss (1.4 to 23.5 tesla),
far above that of Earth’s magnetic field, which is approximately 0.5 gauss.
3.3.2.5.2.
The magnitude of these large magnetic fields falls off rapidly with
distance. Many instruments now have internal shielding, which reduces the
strength of the magnetic field outside of the instrument.
3.3.2.5.3.
Strong attraction occurs when the magnetic field is greater than 50 to
100 gauss and increases by the seventh power as the separation is reduced.
However, this highly nonlinear falloff of magnetic field with distance can result
in some very hazardous situations. Objects made of ferromagnetic materials,
such as ordinary steel, may be scarcely affected beyond a certain distance, but
at a slightly shorter distance may experience a significant attraction to the
field. If the object is able to move closer, the attraction force increases rapidly,
and the object can become a projectile aimed at the magnet and any person
standing between the projectile and the magnet.
3.3.2.5.4.
Examples of items which must not enter the magnetic field or room
include: regular fire extinguishers, air tanks, axes (fire fighters), guns, radios,
flashlights, wheelchairs, stretchers, and defibrillators. Smaller metallic objects
like jewelry, watches, keys, glasses, hearing aids, hair accessories must also
be removed before entering the magnet room or magnetic field. Individuals
with metallic implants or shrapnel may not be allowed entry beyond the 5
gauss line. Credit cards, ID badges and magnetic storage media can be
destroyed by the field.
3.3.2.5.5.
Magnetic fields can also inhibit the operation of magnetically-sensitive
equipment (certain implants or external devices), and can result in the death or
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serious injury to the user. The most common items in this category are cardiac
pacemakers and insulin pumps. Persons using this type medical equipment
should be restricted to areas where the magnetic field is less than 5 gauss.
3.3.2.5.6.
Superconducting magnets also use liquid nitrogen or liquid helium as
coolants, and therefore the hazards associated with cryogenic liquids are of
concern.
3.3.2.5.6.1.
Both liquids are extremely cold (liquid helium -452°F, liquid
nitrogen -321°F), colorless, and odorless.
3.3.2.5.6.2.
A sudden boil-off of cryogens and accompanying loss of
magnetic field (called a “quench”) poses a significant safety risk causing
oxygen deprivation in the room.
3.3.2.5.6.3.
These gases will appear as a dense white fog, and visibility may
be obscured in the vapor
3.3.2.5.6.4.
Contact with liquid or cold vapors can cause severe frostbite.
3.3.2.5.7.
The health effects of exposure to static magnetic fields are an area of
active research. Currently, there is no clear evidence of a negative health
impact from exposure to static magnetic fields, although biological effects have
been observed and recently, guidelines on limits of exposure to static magnetic
fields have been issued by the International Commission on Non-ionizing
Radiation (ICNIRP, 2009), which is a collaborating organization with the World
Health Organization’s International Electromagnetic Field Project.
3.3.2.5.8.
Keep doors locked and posted with magnetic hazard warning signs to
prevent unauthorized access to the magnet room.
3.3.2.5.9.
Make sure personnel are trained and understand the hazards before
allowing them to enter the magnet room.
3.3.2.5.10.
Wear appropriate personal protective equipment. This may include eye
protection, lab coat, hearing protection and gloves depending on the task being
performed.
3.3.2.5.11.
Have a well-planned method to evacuate all personnel from the magnet
room in case of a quench event and do not work alone.
3.3.2.6.
Sharp edges
3.3.2.6.1.
Among the most common injuries in laboratories are cuts from broken
glass. Cuts can be minimized by the use of correct procedures (e.g., the
procedure for inserting glass tubing into rubber stoppers and tubing), through
the appropriate use of protective equipment, and by careful attention to
manipulation.
3.3.2.6.2.
Glassware should always be checked for chips and cracks before use
and discarded if any are found.
3.3.2.6.3.
Never dispose of glass in the general laboratory trash. It should only be
placed in specific glassware disposal bins. This will reduce the chance of
anyone changing the trash receiving a cut (see glass disposal policy found on
the EH&S website).
3.3.2.6.4.
Other cut hazards include razors, box cutters, knives, wire cutters, and
any other sharp-edged tool. When working with these tools, it is important to
wear appropriate eye protection and cut-resistant gloves. Follow basic safety
procedures when using a cutting tool:
3.3.2.6.4.1.
Inspect the tool prior to use. Do not use it if it is damaged.
3.3.2.6.4.2.
When cutting, always use a tool with a sharp edge. Dull edges
are more likely to slip and cause harm.
3.3.2.6.4.3.
Keep hands out of the line of the cut.
3.3.2.6.4.4.
Stand off-line from the direction of the cut.
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3.3.2.6.4.5.
If using a box cutter or other tool with a mounted blade, ensure
that the blade is well seated before use.
3.3.2.6.4.6.
Never use a cutting tool for a task for which it was not designed,
for example, as a screwdriver or lever for opening a container.
3.3.2.6.4.7.
Never submerge a sharp object in soapy or dirty water. It can be
difficult to see and poses a risk to the dishwasher.
3.3.2.6.4.8.
If manipulation of sharps bearing equipment is required, then all
shields, locks, or guards must be utilized (e.g. microtomes and
cryotomes).
3.3.2.7.
Slips, Trips, Falls and Ergonomic Hazards
3.3.2.7.1.
Other common injuries in the laboratory arise from slipping, tripping, or
improper lifting.
3.3.2.7.2.
Spills resulting from dropping chemicals not stored in protective rubber
buckets or laboratory carts can be serious because the laboratory worker can
fall or slip into the spilled chemical, thereby risking injury from both the fall and
exposure to the chemical.
3.3.2.7.3.
Chemical spills resulting from tripping over bottles of chemicals stored
on laboratory floors are part of a general pattern of bad housekeeping that can
also lead to serious accidents.
3.3.2.7.4.
Wet floors around ice, dry ice, or liquid nitrogen dispensers can be
slippery if the areas are not carpeted and if drops or small puddles are not
wiped up as soon as they form.
3.3.2.7.5.
Attempts to retrieve large containers of bulk material and rarely used
equipment stored on high shelves often lead to back injuries in laboratory
environments. Careful planning of where to store difficult-to-handle equipment
and containers (because of weight, shape, or overall size) reduces the
incidence of back injuries.
3.3.2.7.6.
Laboratory workers are at risk for repetitive motion injuries during
routine laboratory procedures such as pipetting, working at microscopes,
operating microtomes, using cell counters and keyboarding at computer
workstations.
3.3.2.7.7.
Repetitive motion injuries develop over time and occur when muscles
and joints are stressed, tendons are inflamed, nerves are pinched and the flow
of blood is restricted.
3.3.2.7.8.
Standing and working in awkward positions in front of laboratory
hoods/biological safety cabinets can also present ergonomic problems.
3.3.2.7.9.
Controlling other conditions such as high or low room temperatures and
exposure to vibrations, can help reduce occupational injuries.
3.3.2.7.10.
By becoming familiar with how to control laboratory ergonomics-related
risk factors, employers can reduce chances for occupational injuries while
improving worker comfort, productivity, and job satisfaction. In addition to the
general ergonomic guidance, laboratory employers are reminded of some
simple adjustments that can be made at the workplace.
3.3.2.7.11.
Concerns pertaining to ergonomics are the purview of the Occupational
Safety Division. Contact them for information on training schedules as well as
for printed training materials and policies and procedures.
3.3.2.8.
Autoclaves/sterilizers:
3.3.2.8.1.
Autoclaves and sterilizers are such a familiar feature within laboratories
it is often easy to overlook the hazards which they present.
3.3.2.8.2.
In order to render a material sterile, the autoclave utilizes hot
pressurized steam (270°F & 30 lbs/in2), which presents serious burn hazards.
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Because the conditions within autoclaves are so extreme, the chance for
malfunction is high if not properly operated and maintained.
3.3.2.8.3.
Each autoclave has unique characteristics, so it is important for users to
review and understand the operator’s manual or receive training prior to use.
3.3.2.8.4.
Autoclave maintenance is an important aspect of autoclave safety. A
properly working autoclave will help ensure safety measures are in place to
protect workers from injury or exposure. Follow the manufacturer’s
recommendations for a preventative maintenance schedule and ensure
maintenance personnel are approved to work on your autoclave.
3.3.2.8.5.
An effective preventative maintenance program should include efficacy
testing to ensure the autoclave is functioning properly. A typical efficacy test is
the use of a biological indicator (e.g. Bacillus spore test, sterilization indicator
strips), which should be verified on a weekly basis. If an autoclave fails a
maintenance inspection/validation, it should be placed out of service
immediately and users should be verbally and visually informed through
communication and signage.
3.3.2.8.6.
Since any unsafe practice could result in injury to laboratory staff, the
following safety precautions should be enforced when using autoclaves:
3.3.2.8.6.1.
NEVER attempt to autoclave items which contain hazardous
chemicals or other hazardous materials (other than potentially infectious
materials).
3.3.2.8.6.2.
Firmly lock autoclave doors prior to operation. Most autoclaves
are equipped with an interlock system, which does not allow operation
without the door being completely closed. Determine if your autoclave is
equipped with an interlock system. If it does not, be sure all users are
aware of this feature and advise them to utilize extra caution when
operating the autoclave.
3.3.2.8.6.3.
Older autoclaves may not provide efficient heat shielding around
the unit. Signs should be in place to warn users or passers-by of the
hazards present ( e.g. “Hot Surfaces, Keep Away”)
3.3.2.8.6.4.
Do not store combustible materials near autoclaves.
3.3.2.8.6.5.
Always utilize the appropriate Personal Protective Equipment
(PPE) when handling items being placed into or removed from an
autoclave. This includes heat resistant gloves, safety goggles, and if
handling large amounts of liquid, rubber boots and rubber apron to
protect against splash/spill hazards.
3.3.2.8.6.6.
Be sure autoclave is OFF and pressure is low before opening
doors. Open autoclave doors slowly, keeping the head, face, and hands
away from the opening to prevent direct contact with steam. Wait at least
30 seconds after opening the door before reaching into the autoclave to
remove sterilized items. Wearing appropriate gloves and protective
equipment, remove items slowly.
3.3.2.8.6.7.
Before loading the autoclave, check the inside for items left by
previous users.
3.3.2.8.6.8.
Load autoclaves as per the manufacturer’s recommendations.
Not following these recommendations may result in incomplete
sterilization of items.
3.3.2.8.6.9.
To prevent bottles from shattering during pressurization, the
caps of containers with liquids must be loosened before loading.

18

3.3.2.8.6.10.
Use a tray with a solid bottom and walls to contain the contents
and catch spills, should they occur. Add ¼ to ½ inch of water in the
bottom of the tray to ensure bottles heat evenly.
3.3.2.8.6.11.
Check plastic materials to ensure they are compatible with the
autoclave.
3.3.2.8.6.12.
For non-liquid loads, allow glassware to cool for at least 15
minutes prior to touching with ungloved hands.
3.3.2.8.6.13.
For liquid loads, allow liquids to stand for at least 1 hour prior to
touching with ungloved hands.
3.3.2.8.6.14.
In addition to the above safety precautions, all manufacturer
safety recommendation should be in place and effectively enforced. If
injury occurs from exposure to autoclave steam or autoclaved materials,
follow procedures for treatment of a burn and seek immediate medical
attention.
3.3.2.9.
Centrifuges
3.3.2.9.1.
Centrifuges, due to the high speed at which they operate, have great
potential for injuring users if not operated properly.
3.3.2.9.2.
Unbalanced/damaged/worn centrifuge rotors can result in injury, even
death.
3.3.2.9.3.
Sample container breakage can generate aerosols that may be harmful
if inhaled.
3.3.2.9.4.
The majority of all centrifuge accidents are the result of user error.
3.3.2.9.5.
Follow the manufacturer’s recommendations regarding preventive
maintenance.
3.3.2.9.6.
Use safety cups or a sealed rotor when centrifuging infectious materials
and should wait 10 minutes after the centrifuge rotor has stopped before
opening the lid.
3.3.2.9.7.
Use appropriate decontamination and cleanup procedures for the
materials being centrifuged if a spill occurs and report all accidents to your
supervisor immediately.
3.3.2.9.8.
A proper maintenance program/service contract with the manufacturer
or authorized service company is strongly recommended.
3.3.2.10. Noise:
3.3.2.10.1.
For more information, please reference the Hearing Conservation
Program policy found on the policy library.
3.3.2.10.2.
Laboratory workers are exposed to noise from a variety of sources.
Operation of large analyzers (e.g., chemistry analyzer), fume hoods, biological
safety cabinets, incubators, centrifuges (especially ultracentrifuges), cell
washers, sonicators, and stirrer motors all contribute to the noise level in
laboratories. Further sources of noise in laboratories include fans and
compressors for cryostats, refrigerators, refrigerated centrifuges, and freezers.
3.3.2.10.3.
As an example, a high-speed refrigerated centrifuge alone can generate
noise levels as high as 65 dBA. To provide some further context, a whisper
registers approximately 30 dBA; normal conversation about 50 to 60 dBA; a
ringing phone 80 dBA and a power mower 90 dBA. If the noise levels are found
to exceed the threshold level, the employer must provide hearing protection at
no cost to the workers and train them in the proper use of the protectors.
3.3.2.10.4.
Efforts should be made to improve the design of laboratories and to
evaluate new instrumentation with regard to the impact on worker noise
exposure.
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3.3.2.10.5.
Exposure to continuous noise may lead to the following stress-related
symptoms:
3.3.2.10.5.1.
Depression;
3.3.2.10.5.2.
Irritability;
3.3.2.10.5.3.
Decreased concentration in the workplace;
3.3.2.10.5.4.
Reduced efficiency and decreased productivity;
3.3.2.10.5.5.
Noise-induced hearing loss;
3.3.2.10.5.6.
Tinnitus (i.e., ringing in the ears);
3.3.2.10.5.7.
Increased errors in laboratory work.
3.3.2.10.6.
There are several steps you can take to minimize the noise in the
laboratory, including:
3.3.2.10.6.1.
Moving noise-producing equipment (e.g., freezers, refrigerators,
incubators and centrifuges) from the laboratory to an equipment room;
3.3.2.10.6.2.
Locating compressors for controlled-temperature rooms
remotely;
3.3.2.10.6.3.
Providing acoustical treatment on ceilings and walls.
3.3.2.10.7.
Concerns pertaining to noise exposure are the purview of the
Occupational Safety Division. Contact them for information on training
schedules as well as for printed training materials and policies and procedures.
3.3.2.11. Vibrations:
3.3.2.11.1.
Vibration, especially in the frequency range 10 to 500 Hz, may be
encountered in work with pneumatic tools such as drills and hammers.
3.3.2.11.2.
Vibration usually affects the hands and arms. After some months or
years of exposure, the fine blood vessels of the fingers may become
increasingly sensitive to spasm (white fingers).
3.3.2.11.3.
Exposure to vibration may also produce injuries of the joints of the
hands, elbows and shoulders.
3.3.2.12. Inhalation Hazards
3.3.2.12.1.
In areas of work where airborne contaminants may be present in routine
operations or during an emergency, the respiratory protection program must be
implemented by a Program Administrator. Employees requiring use of a
respiratory must undergo fit-testing before being permitted to wear the
respirator on the job.
3.3.2.12.2.
More information on the Respiratory Protection Program can be found
on the policy library.
4. Biological Hazards
4.1. At STLCOP, the Washington University Institutional Biological and Safety Committee (IBC) is the
committee that has the responsibility for reviewing and approving all research-specific
proposals, activities, and experiments involving an organism or product of an organism that
presents a risk to humans, plants, animals, or the environment. The PI must submit to the WU
IBC an explanation of what organism or product of an organism will be used for their research
or course of study. The research review is conducted in accordance with the guidance and
requirements of National Institutes of Health, the Centers for Disease Control, and St. Louis
College of Pharmacy policies, and the Washington University IBC and Animal Studies Committee.
All PIs have an obligation to be closely familiar with EH&S guidelines applicable to their work
and to adhere to them. More detail regarding the IRB process can be found on the St. Louis
College of Pharmacy webpage.
4.2. The St. Louis College of Pharmacy is committed to providing a safe and healthful educational
and employment environment for its entire population. In pursuit of this endeavor, the
STLCOP Bloodborne Pathogens Exposure Control Plan has been enacted to eliminate or
minimize potential student and employee exposures to bloodborne pathogens and to comply
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with OSHA standard 29 CFR 1910.1030, “Occupational Exposure to Bloodborne Pathogens.”
4.2.1. Working with Allergens, Animal Allergens, and Embryotoxins/Reproductive Hazards
4.2.1.1.
Routine work with physical health hazards should be reported to supervisors
and EH&S personnel for employees to undergo medical surveillance. Depending on
position and job duties, employees may be required to undergo medical surveillance
according to the STLCOP HR Medical Exams Policy.
4.2.1.2.
Allergens (examples: diazomethane, isocyanates, bichromates, methyl
methacrylate)
4.2.1.2.1.
Wear suitable gloves to prevent hand contact with allergens or
substances of unknown allergenicity.
4.2.1.3.
Embryotoxins/Reproductive Hazards (examples: organomercurials, lead
compounds, formamide)
4.2.1.3.1.
If you are a woman of child-bearing age, handle these substances only
in a properly functioning fume hood while wearing appropriate personal
protective equipment (especially gloves) to prevent skin contact.
4.2.1.3.2.
Review each use of these materials with the principal investigator or
research supervisor and review continuing uses annually or whenever a
procedural change is made.
4.2.1.3.3.
Store these substances, properly labeled, in an adequately ventilated
area in a break-resistant secondary container.
4.2.1.3.4.
Notify supervisors of all incidents, exposures, or spills and follow the
posted Injury/Illness procedures.
4.2.1.4.
Work with Chemicals of Moderate Chronic or High Acute Toxicity (examples:
diisopropylflurophosphate, hydrofluoric acid and hydrogen cyanide
4.2.2. Supplemental rules to be followed in addition to those listed above:
4.2.2.1.
Aim: to minimize exposure to these toxic substances by any route using all
reasonable precautions.
4.2.2.2.
Applicability: These precautions are appropriate for substances with moderate
chronic or high acute toxicity when used in significant quantities.
4.2.2.3.
Location: Store and use these substances only in areas of restricted access
with special warning signs.
4.2.2.4.
Containment equipment: Always use a properly functioning fume hood or other
containment device for procedures which may result in the generation of aerosols or
vapors containing the substance. Trap any released vapors to prevent their
discharge with the hood exhaust.
4.2.2.5.
Personal protection: Always avoid skin contact by using gloves and long sleeves
(and other protective apparel as appropriate). Always wash hands and any exposed
skin immediately after working with these materials.
4.2.2.6.
Records: Maintain records of the names of the workers involved, the site
specific safety training workers receive on the hazards and how to protect oneself
and others from these hazards, the amounts of these materials on hand (see the
chemical inventory requirements on the EH&S web page), and amounts used.
4.2.2.7.
Prevention of spills and accidents:
4.2.2.7.1.
Plan in advance how to avoid and handle spills and accidents.
4.2.2.7.2.
Ensure that at least two people are present at all times if a compound in
use is highly toxic or of unknown toxicity, or highly reactive.
4.2.2.7.3.
Store breakable containers of these substances in chemically resistant
trays. Work with and mount apparatus above such trays or cover work and
storage surfaces with removable, absorbent plastic-backed paper.
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4.2.2.7.4.
If a major spill occurs outside the hood, evacuate the area. Contact
EH&S at 314-446-8133 or STLCOP Public Safety at 314-446-SAFE for
assistance with spill remediation.
4.2.2.8.
Waste: Thoroughly decontaminate or dispose of contaminated clothing or
shoes. Store contaminated waste in closed, suitably labeled, impervious containers
that meet all local, state and federal requirements and EH&S policy requirements.
4.2.3. Work with Chemicals of High Chronic Toxicity (examples: dimethymercury and nickel
carbonyl, benzo-a-pyrene, N-nitrosodiethylamine, known human carcinogens
4.2.4. Further supplemental rules to be followed in addition to all those mentioned above for
work with substances of known high chronic toxicity (in quantities above a few milligrams,
depending on the substance):
4.2.4.1.
Access: Conduct all transfers and work with these substances in a controlled
area such as a restricted access fume hood, glove box, or portion of the lab
designated for use of highly toxic substances. All people with access to this area
must be aware of the substances being used and understand and follow all
necessary precautions.
4.2.4.2.
Approvals: Prepare a plan for use and disposal of these materials and obtain
the approval of the PI (or designee) and EH&S (if necessary) prior to ordering the
material.
4.2.4.3.
Non-contamination/Decontamination: Protect vacuum pumps against
contamination with scrubbers or HEPA filters and vent them into a hood.
Decontaminate vacuum pumps or other contaminated equipment, including
glassware, in the controlled area before normal work is resumed there.
4.2.4.4.
Exiting: On leaving a controlled area, remove any protective apparel (placing it
in an appropriate labeled container) and thoroughly wash hands and any other areas
of exposed skin.
4.2.4.5.
Housekeeping: Use a wet mop or a vacuum cleaner equipped with a HEPA filter
instead of dry sweeping if the toxic substance is a powder.
4.2.4.6.
Medical surveillance: If using toxicologically significant amounts of these
substances on a regular basis (e.g. three times per week), consult the chemical
hygiene officer, EH&S, and a qualified physician concerning advisability of regular
medical surveillance.
4.2.4.7.
Records: Keep accurate records of the amounts of these substances stored and
used along with the dates and names of users.
4.2.4.8.
Signs and labels: Ensure that the controlled area is conspicuously marked with
warning and restricted access signs and that all containers of these substances are
appropriately labeled with the chemical identity and warning labels.
4.2.4.9.
Spills: Ensure that contingency plans are in place and that equipment and
materials are readily available to minimize exposures of people and property in case
of an accident.
4.2.4.10. Storage: Store containers of these chemicals only in a ventilated, limited access
area in appropriately labeled, break-resistant, chemically resistant secondary
containers.
4.2.4.11. Gloves boxes: For a negative pressure glove box, the ventilation rate must be at
least two volume changes per hour and the pressure must be at least 0.5 inches of
water. For a positive pressure glove box, thoroughly check for leaks before each
use. In either case, trap the exit gases or filter them through an appropriate filter
before releasing them into the hood.
4.2.4.12. Waste: Use chemical decontamination whenever allowable. Ensure that
containers of contaminated waste (including rinsates from contaminated flasks) are
22

transferred from the controlled area in a secondary container under the supervision
of authorized personnel.
4.2.5. Animal Research with Chemicals of Chronic Toxicity (Including Carcinogens)
4.2.5.1.
Access: For large-scale studies, special facilities with restricted access are
preferable.
4.2.5.2.
Administration of the toxic substance: When possible, administer the substance
by injection or gavage instead of in the diet. If administration is in the diet, use a
caging system under negative pressure or in a certified biosafety cabinet (BSC).
4.2.5.3.
Aerosol suppression: Devise and utilize procedures which minimize formation
and dispersion of contaminated aerosols, including those from food, urine, and
feces (e.g. use HEPA-filtered vacuum equipment for cleaning, moisten contaminated
bedding before removal from the cage, mix diets in closed containers in a certified
BSC).
4.2.5.4.
Personal protection: When working in the animal room, wear plastic or rubber
gloves, fully buttoned laboratory coat or jumpsuit and, if needed due to incomplete
suppression of aerosols, other apparel and equipment (e.g. shoe and head
coverings, etc.). Contact EH&S is respiratory protection is required.
4.2.5.5.
Waste disposal: Dispose of contaminated animal tissues, bedding and excreta
through the EH&S hazardous waste disposal service.
4.2.6. Chemical Purchasing, Distribution and Storage
4.2.6.1.
Purchasing: Each person ordering a material that meets the OSHA definition for
highly toxic, (http://www.osha.gov/dsg/hazcom/ghoshacomparison.html#2) or is a
carcinogen (see Hazardous Chemical List or Select Carcinogen List) shall contact the
principal investigator (or designee) before the order is placed to obtain information
regarding the safe use and storage of the hazardous material. The PI (or designee)
may recommend a less hazardous material or consult with EH&S to ensure
adequate facilities are available to handle and dispose of the chemical safely.
4.2.6.2.
Chemical storage: Toxic substances should be segregated in a well-identified
area with local exhaust ventilation. Flammable materials shall be stored in a
flammables storage cabinet. Corrosive materials shall be stored in a dedicated
corrosives cabinet. Acids and bases shall be separated by space separation or
adequate secondary containment. Seismic strips shall be installed on all shelves
where chemical bottles are stored. Stored chemicals in stockrooms shall be
examined at least annually for replacement, deterioration, and container integrity.
Stockrooms/storerooms shall not be used as preparation or repackaging areas.
Quantities of corrosive, flammable, and toxic chemicals in the laboratories shall not
exceed a one-day supply unless the materials are stored in appropriate flammables,
corrosives, or separated toxics cabinets with adequate ventilation.
4.2.6.3.
Distribution: When chemicals are hand-carried, appropriate secondary
containment must be used (e.g. the chemical must be placed in an outside
container or bucket).
4.2.7. Environmental Monitoring
4.2.7.1.
If a substance meeting the OSHA definition for highly toxic
(http://www.osha.gov/dsg/hazcom/ghoshacomparison.html#2) is stored or used
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regularly (e.g. 3 times per week), the principal investigator (or designee) shall
request EH&S to determine if environmental monitoring is required.
4.2.8. Housekeeping, Maintenance, and Inspections
4.2.8.1.
Floors shall be cleaned regularly
4.2.8.2.
EH&S shall conduct periodic laboratory inspections in all laboratories. More
frequent periodic inspections should be conducted by the principal investigator or
his/her designee.
4.2.8.3.
The principal investigator shall assign to laboratory staff the responsibility to
inspect eyewash fountains weekly. Tab 2 of the Chemical Hygiene Plan shall be
used to record the inspections.
Name: _________________________ in Laboratory _____________________,
Building _______________________ is assigned responsibility for testing the
eyewash fountain(s) weekly.
4.2.8.4.
Respirators shall be regularly inspected by the laboratory supervisor and
annually fit tested by EH&S as stated in the Respiratory Protection Program Policy.
4.2.8.5.
Equipment taken out of service shall be disconnected from the power source
and a lock placed through the hole in the plug, or a disconnect placed in the off
position and padlocked in place. Alternatively, the circuit breaker may be removed
to prevent accidental restarting of the equipment.
4.2.8.6.
Passageways: Stairways and hallways shall not be used as storage areas.
Access to exits, emergency equipment, and utility controls shall never be blocked
5. Radioactive Material Hazards
5.1. Ionizing Radiation:
5.1.1. Ionizing radiation is particulate or electromagnetic radiation that is capable of removing
electrons from a neutral atom or molecule either directly or indirectly, resulting in excess
charge (NCRP Report No. 160, 2009).
5.1.2. Ionizing radiation sources are found in a wide range of occupational settings, including
laboratories. These radiation sources can pose a potential health risk to affected workers
if not properly controlled. Ionizing radiation sources include:
5.1.2.1.
Radioactive materials (radionuclides) which are regulated and licensed by the
Nuclear Regulatory Commission (NRC). STLCOP is recognized as an official site by
the NRC under the Washington University Broad Scope License and as such, all
materials managed “cradle to grave” through Washington University’s Radiation
Safety Office. All procurement and disposal charges are billed back according to the
MOU.
5.1.2.2.
X-ray machines (includes cabinet x-rays, x-ray irradiators, fluoroscopic
machines, etc.) which are regulated and registered by the State of Missouri, and
regulated by the Food and Drug Administration (FDA) if used medically.
5.1.2.3.
Electron microscopes which are regulated and registered by the State of
Missouri. NOTE: Uranyl acetate or uranyl nitrate used to stain electron microscope
samples are radioactive materials regulated and licensed by the Nuclear Regulatory
Commission (NRC).
5.1.2.4.
Accelerators and cyclotrons which are regulated and registered by the State of
Missouri. NOTE: If these machines are operated for the purpose of producing
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radioactive materials, the radioactive material production is regulated and licensed
by the Nuclear Regulatory Commission (NRC).
5.1.2.5.
Check sources and calibration standards contain radioactive material which is
regulated and licensed by the Nuclear Regulatory Commission (NRC).
5.1.2.6.
Geologic, tile, and clay materials may contain naturally occurring radioactive
materials which may be regulated and licensed by the Nuclear Regulatory
Commission (NRC).
5.1.2.7.
Liquid scintillation counters, and some static eliminators, exit signs, luminous
dials, smoke detectors, and fluorescent bulbs contain radioactive material which is
regulated and licensed by the Nuclear Regulatory Commission (NRC).
5.2. Non-ionizing Radiation:
5.2.1. Non-ionizing radiation is electromagnetic radiation that includes the ultraviolet, visible,
infrared, microwave, radiofrequency, and extremely-low-frequency portions of the
electromagnetic spectrum. Unlike ionizing radiation, non-ionizing radiation is unable to
ionize atoms in its interactions with matter (NCRP Report No. 157, 2007).
5.2.2. Non-ionizing radiation is found in a wide range of occupational settings and can pose a
potential health risk to exposed workers if not properly controlled. The following are
different forms of non-ionizing radiation.
5.2.2.1.
Extremely Low Frequency (ELF) radiation at 60 HZ is produced by power lines,
electrical wiring, and electrical equipment. Common sources of intense exposure
include ELF induction furnaces and high-voltage power lines.
5.2.2.2.
Microwave radiation (MW) is absorbed near the skin, while radiofrequency (RF)
radiation may be absorbed throughout the body. At high enough intensities, both will
damage tissue through heating. Sources of RF and MW radiation include radio
emitters and cell phone towers.
5.2.2.3.
The skin and eyes absorb infrared radiation (IR) as heat. Workers normally
notice excessive exposure through heat sensation and pain. Sources of IR radiation
include heat lamps and IR lasers.
5.2.2.4.
The different visible frequencies of the electromagnetic (EM) spectrum are
"seen" by our eyes as different colors. Good lighting is conducive to increased
production, and may help prevent incidents related to poor lighting conditions.
Excessive visible radiation can damage the eyes and skin.
5.2.2.5.
Ultraviolet radiation (UV) has a high photon energy range and is particularly
hazardous because there are usually no immediate symptoms of excessive
exposure. Examples of sources of UV radiation in the laboratory include black lights
and UV lasers.
5.2.2.6.
Lasers typically emit optical (UV, visible light, IR) radiations and are primarily an
eye and skin hazard. LASER is an acronym which stands for Light Amplification by
Stimulated Emission of Radiation. The laser produces an intense, highly directional
beam of light. The most common cause of laser induced tissue damage is thermal in
nature, where the tissue proteins are denatured due to the temperature rise
following absorption of laser energy. Common lasers include CO2 IR laser; helium neon, neodymium YAG, and ruby visible lasers, and the Nitrogen UV laser. The
human body is vulnerable to the output of certain lasers, and under certain
circumstances, exposure can result in damage to the eye and skin. Research
relating to injury thresholds of the eye and skin has been carried out in order to
understand the biological hazards of laser radiation. It is now widely accepted that
the human eye is almost always more vulnerable to injury than human skin.
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5.3. The fundamental objectives of radiation protection measures are:
5.3.1. To limit entry of radionuclides into the human body (via ingestion, inhalation,
absorption, or through open wounds) to quantities as low as reasonably achievable
(ALARA) and always within the established limits
5.3.2. To limit exposure to external radiation to levels that are within established dose limits
and as far below these limits as is reasonably achievable.
5.3.3. Use of licensed and registered radiation sources at STLCOP is strictly controlled. See
Washington University’s Radiation Safety Division’s website (https://radsafety.wustl.edu/)
if you plan to use radiation sources or if you want more information on your radiation
safety responsibilities.
5.3.3.1.
See Radiation Safety Division’s website (https://radsafety.wustl.edu/) if you
plan to use non-ionizing radiation sources or if you want more information on your
non-ionizing radiation safety responsibilities.
5.4. More information on Radiation Safety can be found in the Radiation Safety Policy on MyStlcop.
6. Laboratory Safety Controls
6.1. Laboratory safety controls include engineering controls, administrative controls, and PPE.
Elements of these three categories should be used in a layered approach to minimize employee
exposure to hazardous chemicals. The hierarchy of controls prioritizes hazard mitigation
strategies on the premise that the best way to control a hazard is to systematically eliminate it
from the workplace or substitute a less hazardous technique, process, or material. If
elimination or substitution are not feasible options, administrative controls, engineering
controls, and PPE must be used to provide the necessary protection. The laboratory employee’s
responsibility is to follow administrative controls, use engineering controls, and wear PPE
correctly and effectively.
6.2. Routes of Exposure
6.2.1. There are four primary routes of exposure in which hazardous substances can enter the
body: inhalation, absorption, ingestion, and injection. Of these, the most likely routes of
exposure in the laboratory are by inhalation and/or skin absorption. Many hazardous
chemicals may affect people through more than one of these exposure modes, so it is
critical that protective measures are in place for each of these exposure routes.
6.3. Engineering Controls and Safety Equipment
6.3.1. Exposure to hazardous materials must be controlled to the greatest extent feasible by
use of engineering controls. Engineering controls to reduce or eliminate exposures to
hazardous chemicals include:
6.3.1.1.
Substitution with less hazardous equipment, chemicals, or processes (e.g.,
safety cans for glass bottles);
6.3.1.2.
Isolation of the operator or the process (e.g., use of a glove box when handling
air- or water-sensitive chemicals); and
6.3.1.3.
Use of forced ventilation systems (e.g., chemical fume hood, biological safety
cabinet).
6.3.1.4.
Additional information about engineering controls and safety equipment can be
found in the fume hood testing and reporting protocol found on MySTLCOP.
6.4. Chemical Fume Hoods
6.4.1. All chemical fume hoods are checked annually for airflow by measuring the face
velocity, which should be between 60 fpm-120 fpm. STLCOP Facilities personnel conducts
face velocity readings on a routine basis and records this information on the hood label.
Contact Environmental Health & Safety with questions regarding chemical fume hoods or
the Fume Hood Testing and Reporting Protocol.
6.4.2. Fume hoods
6.4.2.1.
Shall be used with any appreciably volatile substance with a TLV or PEL less
than 50 ppm.
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6.4.3. A chemical fume hood is a type of local ventilation installation that is designed to limit
exposure to hazardous or toxic fumes, vapors, or dusts. To determine if a chemical is
required to be used inside of a chemical fume hood, first check the SDS for that chemical.
Statements found in Section 2 on a SDS such as “do not breathe dust, fumes, or vapors”
or “toxic by inhalation” indicate the need for ventilation. As a best practice, use a chemical
fume hood for all work involving the handling of open chemicals (e.g., preparing solutions)
whenever possible. If a chemical fume hood is required or recommended to be used, the
following guidelines must be followed at all times:
6.4.3.1.
Chemical fume hoods must be marked to indicate the proper sash position for
optimum hood performance as illustrated in Figure 6.4.1.1. The chemical fume hood
sash should be positioned at this height whenever working with hazardous chemicals
that could generate toxic aerosols, gases, or vapors. In general, the sash height
should be set at a level where the operator is shielded to some degree from any
splashes, explosions, or other violent reactions which could occur and where
optimum air flow dynamics are achieved. Most chemical fume hoods are not
intended to be used with the sash fully open. The sash should only be fully opened to
add or remove equipment from the chemical fume hood.
6.4.3.2.
Chemical fume hoods must be equipped with a flow monitor to indicate
adequacy of flow. All lab employees must know how to read and interpret this gauge
and check that the chemical fume hood is operating properly before using hazardous
chemicals in the fume hood. It is important that the lab employee understands the
specific functions of each chemical fume hood used.
6.4.3.3.
Only apparatus and chemicals essential to the specific procedure or process
should be placed in the chemical fume hood. Extraneous materials from previous
experiments should be removed and stored in a safe location outside the chemical
fume hood.
6.4.3.4.
Chemical fume hoods used for experimental work should not be used for
chemical or material storage. Chemical fume hoods used for chemical storage
should be dedicated to chemical storage. No experimental work should be conducted
in storage chemical fume hoods.
6.4.3.5.
All chemical containers used in chemical fume hoods, including secondary
containers (e.g., beakers, flasks, reaction vessels, vials, etc.) must be labeled. If is
not practical to label a secondary container that is in process (e.g., reaction vessel,
flask), a temporary label can be used as shown in Figure 6.4.1.5 of the CHP.
Reaction vessels in chemical fume hoods must be labeled as well. If labeling the
vessel itself is not practical, the hood sash or wall may be labeled as illustrated in
Figure 6.4.1.5.
6.4.3.6.
Do not allow the vents or air flow baffles to be blocked.
6.4.3.7.
Never put your head inside of an operating chemical fume hood.
6.5. Biological Safety Cabinets
6.5.1. A biological safety cabinet (Biosafety cabinet), as shown in Figure 6.5, is an enclosed,
ventilated laboratory workspace for safely working with materials contaminated with (or
potentially contaminated with) infectious materials. The primary purpose of a biosafety
cabinet is to serve as a means to protect the laboratory worker and the surrounding
environment from pathogens. All exhaust air is filtered as it exits the biosafety cabinet,
removing harmful particles. Biosafety cabinets are not designed to be used with chemical
applications, therefore the use of chemicals should be kept to a minimum. Applications
that involve the use of chemicals should be conducted in chemical fume hoods.
6.6. Safety Showers and Eyewash Stations
6.6.1. All laboratories using hazardous chemicals must have immediate access to safety
showers and eye wash stations. Safety showers must have a minimum clearance of 24
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inches from the centerline of the spray pattern in all directions at all times. Identify the
safety station with a highly visible sign and maintain an unobstructed path to it. All lab
personnel must be aware of the location and know how to properly use the safety shower
and eyewash stations. If lab personnel are exposed to a hazardous chemical, they should
dial STLCOP Public Safety at 314.446.SAFE (7233) and use the safety shower and/or eye
wash unit for 15 minutes or until emergency response have personnel arrive and begin
treatment. If an uninjured individual is present, this person should assist with the
decontamination of the affected individual.
6.6.2. All eyewash stations must be flushed by laboratory personnel on a minimum weekly
basis to ensure proper working order. This will keep the system free of sediment and
prevent bacterial growth from reducing performance. Facilities personnel performs monthly
inspections of all eyewash stations and EH&S performs semester inspections of
emergency showers.
6.6.3. If the safety shower or eyewash station unit becomes inoperable, immediately notify
Department of Facilities by submitting a work order request through MySTLCOP.
6.6.4. More information on safety showers and eyewash stations can be found in the
Eyewash, Drenching Hose, and Shower Equipment Policy and Procedure on MySTLCOP.
6.7. Fire Extinguishers
6.7.1. All fire extinguishers should be mounted on a wall in an area free of clutter. Each fire
extinguisher on campus is inspected on a monthly basis by STLCOP Public Safety per the
Fire Safety Policy. All laboratory personnel should be familiar with the location, use, and
classification of the extinguishers in their laboratory. Ensure that the fire extinguisher
being used is appropriate for the type of material on fire before attempting to extinguish
any fire. Table 6.7 illustrates the fire classification system, which should be used to
determine the most suitable fire extinguisher for a particular area. Laboratory personnel
are not required to extinguish fires that occur in their work areas and should not attempt to
do so unless:
6.7.1.1.
It is a small, contained fire that can be quickly and safely extinguished (e.g.,
small trash can sized fire);
6.7.1.2.
Appropriate training has been received and the individual feels the fire can be
safely extinguished; and
6.7.1.3.
It is necessary to extinguish a fire in order to exit an area (e.g., fire is blocking an
exit).
6.7.2. If a fire occurs in the laboratory and is extinguished by lab personnel, STLCOP Public
Safety must still be contacted immediately by lab supervisor.
6.8. Administrative Controls
6.8.1. The following are examples of administrative controls used in STLCOP laboratories
6.8.1.1.
Protective Apparel and Equipment
6.8.1.2.
Designated carcinogen area
6.8.1.2.1.
Select chemical carcinogens shall only be used in the designated area.
Only persons with specific training in the handling of chemical carcinogens
shall enter the designated area
6.8.1.3.
Signs and Labels
6.8.1.3.1.
Each telephone shall be posted with the emergency telephone number
for STLCOP Public Safety 314-446-SAFE (7233) as appropriate.
6.8.1.3.2.
Chemical waste containers shall be labeled using the yellow Hazardous
Waste labels provided by EH&S.
6.8.1.3.3.
Chemicals that are mixed as reagents for later experiments or are
removed from the manufacturer’s original container shall be labeled with the
chemical name, concentration, hazard warning and target organ information.
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6.8.1.3.4.
Laboratories using hazardous chemicals shall have a sign at the
entrance designating the area “Authorized Personnel Only” and “Chemical
Hazard.”
6.8.1.3.5.
The original manufacturer’s label shall be retained without alteration or
mutilation on the container or replaced with an appropriate label if the
contents are changed.
6.8.1.3.6.
In keeping with good laboratory practice, all chemical containers will be
dated upon receipt and opening.
7. Laboratory Management Plan
7.1. An effective laboratory management plan is essential to operating a safe lab environment.
Requirements on topics such as lab housekeeping, chemical inventories, proper handling,
storage, segregation, and labeling of chemicals, and equipment safety must be established
and known by all laboratory personnel. This chapter details how laboratories should be
managed at St. Louis College of Pharmacy
7.2. Laboratory Safety Guidelines
7.2.1. All laboratory employees must have a good understanding of the hazards associated
with the chemicals being used and stored in the lab. Basic factors such as the physical
state (gas, liquid, or solid) of the chemical and the type of facilities and equipment
involved with the procedure should be considered before any work with hazardous
materials occurs.
7.3. Laboratory Safety Questions
7.3.1. Many factors are involved is laboratory safety. Asking and answering the following
questions will help address many of the factors that should be considered when it
comes to laboratory safety.
7.3.1.1.
Is the material flammable, explosive, corrosive, or reactive?
7.3.1.2.
Is the material toxic, and if so, how can I be exposed to the material (e.g.,
inhalation, skin or eye contact, accidental ingestion, accidental puncture)?
7.3.1.3.
What kind of ventilation do I need to protect myself?
7.3.1.4.
What kind of PPE (e.g., chemical-resistant gloves, respirator, and goggles) do I
need to protect myself?
7.3.1.5.
Will the process generate other toxic compounds, or could it result in a fire,
explosion, or other violent chemical reaction?
7.3.1.6.
What are the proper procedures for disposal of the chemicals?
7.3.1.7.
Do I have the proper training to handle the chemicals and carry out the
process?
7.3.1.8.
Are my storage facilities appropriate for the type of materials I will be using?
7.3.1.9.
Can I properly segregate incompatible chemicals?
7.3.1.10. What possible accidents can occur and what steps can I take to minimize the
likelihood and impact of an accident? What is the worst incident that could result
from my work?
7.4. General Laboratory Safety Rules
7.4.1. It is extremely important that all laboratory safety rules are known and followed by
lab personnel. Not only is it important that the rules are understood and followed, it is
also important that the Laboratory Supervisor enforce all lab safety rules. A culture of
safety must be adopted by all employees before a lab safety program can be
successful. The following general laboratory safety rules should be followed at all times:
7.4.1.1.
Prior to beginning work in the lab, be prepared for hazardous materials
emergencies and know what actions to take in the event of an emergency. Plan
for the worst-case scenario. Be sure that necessary supplies and equipment are
available for handling small spills of hazardous chemicals. Know the location of
safety equipment such as the nearest safety shower and eyewash station, fire
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extinguisher, spill kit, and fire alarm pull station.
7.4.1.2.
Do not work alone in the laboratory if you are working with high hazard
materials (e.g., acutely toxics, reactives, or processes that involve handling a large
volume of flammable materials, > 1 liter).
7.4.1.3.
If working with a high-hazard chemical, ensure that others around you know
what you are working with and understand the potential hazards
7.4.1.4.
Limit access to areas where chemicals are used or stored by posting signs
and/or locking doors when areas are unattended.
7.4.1.5.
Purchase the minimum amount of hazardous materials necessary to
efficiently operate the laboratory.
7.4.1.6.
Ensure that adequate storage facilities (e.g., chemical storage rooms,
flammable safety cabinets) and containers are provided for hazardous materials.
Ensure that hazardous materials are properly segregated by chemical
compatibility.
7.4.1.7.
Ensure that ventilation is adequate for the chemicals being used. Understand
how chemical fume hoods function and be able to determine if the hood is not
functioning properly.
7.4.1.8.
Use good personal hygiene practices. Keep your hands and face clean; wash
thoroughly with soap and water after handling any chemical.
7.4.1.9.
Smoking, drinking, eating, chewing gum, and the application of cosmetics are
forbidden in areas where hazardous chemicals are in use. Confine long hair and
loose clothing.
7.4.1.10. Never smell or taste a hazardous chemical. Never use mouth suction to fill a
pipette.
7.4.1.11. When using equipment that creates potential hazards (e.g., centrifuge),
ensure that the equipment is being used following the manufacturer’s guidelines
and instructions. If equipment requires routine maintenance (e.g., HEPA filters
need to be changed), ensure the maintenance is performed by a qualified
individual
7.4.1.12. Use required PPE as instructed by the PPE Policy and as detailed in Chapter
12.
7.5. Housekeeping
7.5.1. Housekeeping is an important element to a laboratory safety program. A clean, wellmaintained lab improves safety by preventing accidents and can enhance the overall
efficiency of the work being performed. The following laboratory housekeeping guidelines
should be followed:
7.5.1.1.
All doorways and hallways must be free of obstructions to allow clear visibility
and exit. The laboratory should be uncluttered without excessive storage of materials
that could cause or support a fire (e.g., paper, cardboard, flammable liquids, etc.).
7.5.1.2.
Fire protection sprinklers must be unobstructed; a minimum of 18 inches of
clearance is required below the sprinkler head. If the laboratory does not have fire
protection sprinklers, there must be a minimum of 24 inches of clearance below the
ceiling.
7.5.1.3.
Do not store items that block fire extinguishers or eyewash and safety shower
stations.
7.5.1.4.
Do not store items in front of electrical boxes/panels in the lab.
7.5.1.5.
A routine cleaning schedule should be established. All work surfaces should
be kept as clean as possible. All potentially chemically contaminated work area
surfaces (e.g., chemical fume hood deck, countertops) should be cleaned routinely
(e.g. daily, weekly).
7.5.1.6.

For operations where spills and contamination are likely (e.g., agarose gel
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electrophoresis/ethidium bromide applications) cover work spaces with a bench
paper or liner. The soiled bench paper should be changed on a routine basis or as
needed.
7.5.1.7.
All chemical spills must be cleaned up immediately. Refer to STLCOP Building
Emergency Action Plan or Section 14.
7.5.1.8.
Do not allow materials to accumulate in laboratory hoods and remove used
tissues, foil, gloves, or other unnecessary objects immediately after use. The safety
of the workspace and the hood ventilation may be compromised when excessive
chemicals and equipment are kept in hoods.
7.5.1.9.
Ensure that all waste (e.g., trash, chemically contaminated waste, etc.) is
placed in the appropriate containers. Do not overfill waste containers.
7.5.1.10. All equipment should be cleaned and returned to storage after each use.
7.5.1.11. Equipment should be stored in a safe and orderly manner that prevents it from
falling.
7.5.1.12. Chemical containers must be clean, properly labeled, and returned to
storage upon completion or usage. Avoid storing liquids above eye level.
7.5.1.13. Do not store heavy or frequently used items on top shelves. Locate items used
daily close to the work area.
7.6. Chemical Inventories
7.6.1. It is a prudent practice to develop and maintain a chemical inventory. Taking a routine
chemical inventory can reduce the number of unknown chemicals and the tendency to
stockpile chemicals. STLCOP EH&S recommends that all laboratories take a chemical
inventory at least annually. Depending on the type of chemicals being used and stored in a
laboratory, EH&S may require that a chemical inventory be prepared for a room, work unit,
or department on a more regular basis.
7.6.2. STLCOP laboratories use Velocity EH&S, formerly known as MSDS online as an online,
up-to-date tracking system for inventory of laboratory materials. The Chemical Inventory
Guidelines can be found on the MyStlcop Policy Library.
7.7. Safety Data Sheets
7.7.1. The SDS provides comprehensive information that is imperative for the safe handling of
hazardous chemicals. Carefully read the label and SDS and make sure that you
understand the information provided in this document before using a chemical. In some
cases it may be necessary to do additional research. The Laboratory Supervisor should be
consulted if necessary.
7.7.2. It is important that all lab employees have access to SDS for all hazardous chemicals
that are stored in the lab. Access can mean storing hard copies of SDS in the lab or some
other easily accessible location (e.g., departmental main office), or can mean storing
electronically by a means that is also accessible to all lab personnel (e.g., shared network
drive). To obtain a copy of a SDS, contact the chemical manufacturer or STLCOP EH&S at
446-8133. SDS may also be found on Velocity EH&S.
7.8. Chemical Labeling Requirements
7.8.1. Every chemical container present in the laboratory, whether hazardous or not, must be
properly labeled. All secondary chemical containers (e.g., wash bottles, beakers, flasks,
sample vials, etc.) must also be properly labeled. Avoid using abbreviations, chemical
formulae, or structure unless there is a complete and up-to-date legend (e.g., MeOH =
Methanol) prominently posted in the lab.
7.8.2. Most chemicals come with a manufacturer label that contains all of the necessary
information, so care should be taken to not damage or remove these labels. It is
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recommended that each bottle also be dated when received and when opened to assist in
determining which chemicals are expired and require proper disposal. Detailed
information and strategies for the labeling of research samples is discussed in Section
13.2 of the CHP. These same strategies can be used when labeling secondary chemical
containers as well.
7.8.3. Additional chemical labels may be printed by referencing the chemical name on Velocity
EH&S website.
7.9. Chemical Segregation
7.9.1. All chemicals must be stored according to chemical compatibility. Once segregated by
chemical compatibility, they can then be stored alphabetically. Information regarding
chemical compatibility can be found in the SDS, primarily in Section 7, “Handling and
Storage” and Section 10, “Stability and Reactivity”, and in the Chemical Storage
Guidelines policy. If unsure of proper segregation procedures, contact the Laboratory
Supervisor for assistance. Chemical segregation can be achieved by either isolation (e.g.,
organic solvents stored in a flammable cabinet), physical distance (e.g., acids and bases
are stored on opposite sides of a chemical storage room), or secondary containment (e.g.,
placing oxidizing acids such as nitric acid into a secondary containment to segregate from
organic acids such as formic acid as shown in Figure 7.9). In the most general terms,
proper segregation can be achieved by:
7.9.1.1.
Storing acids away from bases and toxics;
7.9.1.2.
Storing oxidizers away from organic chemicals; and
7.9.1.3.
Storing reactive and acutely toxic materials away from all other chemicals.
7.9.2. Table 7.9.3 illustrates a more detailed chemical compatibility logic that can be used for
chemical storage. Hazard classes marked by an X need to be segregated from each other
(e.g., Acid, inorganic must be segregated from Base, inorganic). Contact Eric Knoll at 4468375 with questions regarding chemical segregation.
7.9.3. Proper storage of chemicals is an essential component to a laboratory safety program.
Improper chemical storage practices can cause undesired chemical reactions, which may
form hazardous products that can lead to employee exposure or possibly fires and property
damage. All lab employees should carefully read each chemical’s SDS and container label
before deciding how to store a chemical, as these will often indicate any special storage
requirements that may be necessary. The following subsections describe chemical storage
requirements in more detail.
7.10.
General Chemical Storage
7.10.1. The following general chemical storage guidelines must be followed in all laboratories:
7.10.2. Each chemical in the laboratory must be stored in a specific location and returned there
after each use. Acceptable chemical storage locations may include flammable cabinets,
corrosive cabinets, laboratory shelves, or appropriate laboratory refrigerators or freezers.
7.10.3. Chemical containers must be in good condition and appropriate for the chemical that
they contain and be free from exterior contamination.
7.10.4. Fume hoods should not be used as permanent chemical storage areas, unless
designated as such. Not only does this create potentially unsafe conditions by having
extraneous chemicals stored near chemical reactions and processes, excess chemical
bottles in the hood may also seriously impair the ventilating capacity of the hood. Only
chemicals being used in the process or experiment being conducted in the hood are
allowed to be stored in the hood and should be removed when the process or experiment
is complete.
7.10.5. Chemicals should not be permanently stored on bench tops. Avoid storing any
chemical containers on the floor. Under no circumstance should chemical containers,
or anything else, be stored in aisle ways, corridors, or in front of doors.
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7.10.6. Hazardous liquids should not be stored on shelves above eye-level unless there is a SOP
detailing safe handling procedures.
7.10.7. Chemicals should be stored at an appropriate temperature and humidity level and
never be stored in direct sunlight.
7.10.8. Periodic cleanouts of expired or unneeded chemicals should be conducted to minimize
the volume of hazardous chemicals stored in the laboratory.
7.10.9. Always follow the chemical manufacturer’s storage instructions, if provided.
7.11.
Flammable Liquids Storage
7.11.1. Flammable liquids include any liquid with a flash point no greater than 93 °C (200
°F). The following guidelines for storing flammable liquids must be followed in all
laboratories:
7.11.2. Flammable and combustible liquids should be stored in flammable storage cabinets,
as shown in Figure 7.11.2, whenever possible. No more than 10 gallons of flammable
liquid is permitted to be stored outside of a flammable storage cabinet unless it is stored
in a flammable safety can equipped with a spring-loaded lid and an internal screen.
7.11.3. Domestic refrigerators or freezers must never be used to store flammable liquids.
Flammable liquids can only be stored in refrigerators or freezers that are designed for
flammable materials (most refrigerators are not intended for flammable storage).
7.11.4. Flammable liquids must be stored in well-ventilated areas free from ignition sources.
7.11.5. Some organic solvents (e.g., diethyl ether) have a shelf-life and can form organic
peroxides over time while in storage. These “peroxide formers” must be dated when
received from the chemical manufacturer and disposed of once expired. If any timesensitive chemicals are found to be past the manufacturer’s expiration date, they must
be submitted to STLCOP EH&S for hazardous waste disposal immediately. See
Appendices B and C for a list of commonly found organic solvents that potentially form
organic peroxides, or the Peroxide Forming Chemicals Guidelines available through
STLCOP EH&S.
7.12.
Compressed Gases Storage
7.12.1. Compressed gases are defined as gases that are contained in a receptacle at a
pressure not less than 280 kPA at 20 °C or as a refrigerated liquid. The following
guidelines for storing compressed gases must be followed in all laboratories:
7.12.1.1. Compressed gas cylinders (cylinders) must be stored in a secure, well
ventilated location, and in an upright position at all times.
7.12.1.2. All cylinders should be handled as if full and should never be completely
emptied.
7.12.1.3. Cylinders that are not in use (meaning that the cap is on) must be secured
and have the safety cap. Multiple cylinders may be secured together (gangchained), only if they are capped (not in use). Only capped cylinders can be
secured with a single restraining device (gang chained) as shown in Figure 5.3.
7.12.1.4. Cylinders that are in use, meaning there is a regulator attached, must be
individually secured by a chain or strap as shown in Figure 7.12.1.4. Cylinder
valves and regulators should be protected from impact or damage.
7.13.
Reactive Materials Storage
7.13.1. Reactive materials include explosives, pyrophorics, self-heating and self-reacting
compounds, and water-reactives. Many reactive materials are also toxic and are
dissolved or immersed in a flammable solvent (e.g., lithium alkyl compounds dissolved in
diethyl ether, sodium metal immersed in mineral oil). Other common hazards often
associated with reactive chemicals include corrosivity, teratogenicity, or organic peroxide
formation. The following guidelines for storing reactive materials must be followed in all
laboratories:
7.13.2. The amount of reactive materials stored in the lab must be kept to a minimum. Any
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expired or unnecessary reactive materials must be properly disposed of as hazardous
waste.
7.13.3. All reactive materials must be clearly labeled with the original manufacturer’s label,
which should have the chemical name, hazard labels, and pictograms. The label should
not be defaced in any way.
7.13.4. All reactive materials should be placed into secondary containment as a best
management practice
7.13.5. Suitable storage locations for reactive materials include inert gas-filled desiccators or
glove boxes, flammable storage cabinets that do not contain aqueous or other
incompatible chemicals, or intrinsically safe refrigerators or freezers that also do not
contain aqueous or other incompatible chemicals. If possible, store all reactive
chemicals in a small flammable cabinet dedicated only for reactives. Signs should be
posted to indicate their presence and unique hazards as shown in Figure 7.13.5.
7.13.6. Many reactive materials are water and/or air reactive and can spontaneously ignite on
contact with air and/or water. Therefore, reactives must be handled under an inert
atmosphere and in such a way that rigorously excludes air and moisture.
7.13.7. If reactive materials are received in a specially designed shipping, storage, or
dispensing container (such as the Aldrich Sure-Seal packaging system), ensure that the
integrity of that container is maintained. Ensure that sufficient protective solvent, oil,
kerosene, or inert gas remains in the container while reactive materials are stored.
7.14.
Acutely Toxic Materials Storage
7.14.1. Acutely toxic materials are defined as substances that may be fatal or cause damage
to target organs as the result of a single exposure or exposures of short duration. The
following guidelines for storing acutely toxic materials must be followed in all
laboratories:
7.14.1.1. Suitable storage locations for acutely toxic materials include desiccators, glove
boxes, flammable storage cabinets that do not contain incompatible chemicals
(primarily strong acids), or non-domestic refrigerators or freezers. These locations
should be clearly posted.
7.14.1.2. Acutely toxic materials should be stored in secondary containment at all times
as a best management practice.
7.14.1.3. If possible, store all acutely toxic materials in a cabinet dedicated only for
acutely toxic materials. Signs should be posted to indicate their presence and
unique hazards.
7.14.1.4. The amount of acutely toxic material stored in the lab should be kept at a
minimum. Any expired or unnecessary materials must be properly disposed of as
hazardous waste.
7.14.1.5. All acutely toxic materials should be clearly labeled with the original
manufacturer’s label, which should have the chemical name, hazard labels, and
pictograms. The label should not be defaced in any way.
7.15.
Corrosive Materials Storage
7.15.1. Corrosive materials are defined as substances that cause destruction of living tissue
by chemical corrosion at the site of contact and can be either acidic or basic (caustic).
The best storage method for corrosive materials is inside of a corrosive storage cabinet
or lab cabinet where acids and bases are segregated at all times. Acids must also be
segregated from chemicals where a toxic gas would be generated upon contact with an
acid (e.g., reactive cyanide compounds). Organic acids (e.g., acetic acid, formic acid)
must be stored away from oxidizing acids (e.g., nitric acid, perchloric acid), as these
types of acids are incompatible with each other. Segregation can be achieved either by
physical distance (preferred method) or by secondary containment as shown in Figure
7.9.
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Oxidizers and Organic Peroxide Storage
7.16.1. Oxidizing materials are defined as substances which, while in itself are not necessarily
combustible, may generally by yielding oxygen, cause, or contribute to the combustion of
other material. An organic peroxide is an organic substance which contains the bivalent O-O- structure and may be considered a derivative of hydrogen peroxide, where one or
both of the hydrogen atoms have been replaced by organic radicals. The following
guidelines for storing oxidizers and organic peroxides must be followed in all laboratories:
7.16.2. Oxidizers (e.g., hydrogen peroxide, sodium nitrate) and organic peroxides (e.g.,
methyl ethyl ketone peroxide, benzoyl peroxide) must be stored in a cool, dry
location and kept away from combustible materials such as wood, pressboard,
paper, and organic chemicals (e.g., organic solvents and organic acids).
7.16.3. If possible, store all strong oxidizing agents in a chemical cabinet dedicated only for
oxidizers.
7.16.4. The amount of oxidizers and organic peroxides stored in the lab should be kept at a
minimum.
7.16.5. All material must be clearly labeled; the original manufacturer’s label with the chemical
name, hazard labels, and pictograms should not be defaced or covered
7.17.
Refrigerators and Freezers Chemical Storage
7.17.1. A number of general precautions need to be taken when storing chemicals in
refrigerators and/or freezers in the laboratory. When working with freezers or
refrigerators, the following procedures must be followed:
7.17.1.1. Domestic refrigerators or freezers must never be used to store flammable
liquids. Flammable liquids are only allowed to be stored in refrigerators or freezers
that are designed for flammable materials (most refrigerators are not intended for
flammable storage).
7.17.1.2. Lab refrigerators or freezers must never be used to store food or beverages for
consumption. Lab refrigerators/freezers should be posted with a sign that states
“No Food or Drink”.
7.17.1.3. All chemicals stored in a refrigerator or freezer must be labeled.
7.17.1.4. Ensure that the chemicals stored in a refrigerator or freezer is compatible with
each other. For example, do not store an oxidizer such as hydrogen peroxide in a
refrigerator with organic chemicals.
7.17.1.5. There must not be any open chemicals in a refrigerator or freezer. All
containers must be completely sealed or capped and safely stored.
7.17.1.6. Chemicals should be allowed to warm to room temperature before sealing to
prevent pressure buildup.
7.17.1.7. Shelves in refrigerators or freezers should all have suitable plastic trays for
secondary containment in the refrigerator and freezer compartments. If plastic trays
are not available, liquid chemicals should be placed in secondary containers to
contain spills.
7.17.1.8. Remember that power outages and technology failures can cause internal
temperatures to rise, which can impact chemical contents. Be aware of unusual
odors, vapors, etc., when opening the refrigerator or freezer.
7.17.1.9. An inventory should be posted on the refrigerator door.
7.17.1.10. Chemical refrigerator or freezers should be located away from laboratory exits.
7.17.1.11. Refrigerators and freezers should be cleaned-out and manually defrosted as
necessary.
7.18.
Compressed Gas Cylinder Safety
7.18.1. Compressed gas storage requirements are discussed above in Section 7.12. However,
there are additional important safety requirements for use of compressed gases in
laboratories detailed below:
7.16.
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7.18.1.1. Gas cylinder connections and fittings must be inspected frequently for
deterioration.
7.18.1.2. Never use a leaking, corroded, or damaged cylinder and never refill
compressed gas cylinders.
7.18.1.3. When stopping a leak between cylinder and regulator, always close the valve
before tightening the union nut.
7.18.1.4. The regulator must be replaced with a safety cap when the cylinder is not in
use.
7.18.1.5. The safety cap must be in place when a gas cylinder is moved. For large gas
cylinders (>27 inches), an approved gas cylinder cart should be used.
7.18.1.6. The cylinder must be strapped to the cart and the protective cap must be in
place before moving the cylinder. A cylinder should never be moved or transported
without the protective cap. The proper way to move a large gas cylinder is illustrated
in Figure 7.18.1.6.
7.18.1.7. Never dispense from a cylinder if it is on a gas cylinder cart.
7.18.2. A few compressed gas cylinders have a shelf-life and can become more hazardous as
time goes on. It is extremely important that these chemicals are identified and managed
properly. If any time-sensitive gases are found to be past the manufacturer’s expiration
date, they must be submitted to STLCOP EH&S for hazardous waste disposal
immediately. The following is a list of time- sensitive compressed gases:
7.18.2.1. Hydrogen Fluoride, anhydrous
7.18.2.2. Hydrogen Bromide, anhydrous
7.18.2.3. Hydrogen Sulfide, anhydrous
7.18.2.4. Hydrogen Cyanide, anhydrous
7.18.2.5. Hydrogen Chloride, anhydrous
7.18.3. The compressed gases listed above have a shelf-life provided by the manufacturer that
must be strictly followed. There have been numerous incidents involving these
compounds related to storage past the expiration date. For example, hydrogen fluoride
(HF) and hydrogen bromide (HBr) cylinders have a shelf-life of one to two years,
depending on the vendor. Over time, moisture can slowly enter the cylinder, which
initiates corrosion. As the corrosion continues, HF and/or HBr slowly react with the
internal metal walls of the cylinder to produce hydrogen. The walls of the cylinder weaken
due to the corrosion, while at the same time the internal pressure increases due to the
hydrogen generation. Ultimately, these cylinders fail and create extremely dangerous
projectiles and a toxic gas release.
7.19.
Cryogenic Liquids Safety
7.19.1. A cryogenic liquid is defined as a liquid with a normal boiling point below -150 °C (-240
°F). The most common cryogenic liquid used in a laboratory setting is liquid nitrogen. By
definition, all cryogenic liquids are extremely cold. Cryogenic liquids and their vapors can
rapidly freeze human tissue and can also pose an asphyxiation hazard if handled in
confined spaces. The following precautions should be taken when handling cryogenic
liquids:
7.19.1.1. Use and store cryogenic liquids in well ventilated areas only.
7.19.1.2. Wear appropriate PPE while handling cryogenic liquids. Proper PPE for
handling cryogenic liquids includes chemical splash goggles, a face shield,
cryogenic-safe gloves, long sleeves, long pants, and closed-toe shoes.
7.19.1.3. Cryogenic liquids will vent (boil off) from their storage containers as part of
normal operation. Containers are typically of a vacuum jacketed design to minimize
heat loss. Excessive venting and/or an isolated ice build-up on the vessel walls may
indicate a fault in the vessel’s integrity or a problem in the process line. A leaky
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container should be removed from service and taken to a safe, well-ventilated area
immediately.
7.19.1.4. All systems components piping, valves, etc., must be designed to withstand
extreme temperatures.
7.19.1.5. Pressure relief valves must be in place in systems and piping to prevent
pressure build up. Any system section that could be valved off while containing
cryogenic liquid must have a pressure relief valve. The pressure relief valve ports
must be positioned to face toward a safe location.
7.19.1.6. Transfer operations involving open cryogenic containers, such as Dewars must
be done slowly, while wearing all required PPE. Care must be taken not to contact
non-insulated pipes and system components.
7.19.1.7. Open transfers will be allowed only in well-ventilated areas.
7.19.1.8. Do not use a funnel while transferring cryogenic liquids.
7.19.1.9. Use tongs or other similar devices to immerse and remove objects from
cryogenic liquids; never immerse any part of your body into a cryogenic liquid.
7.20.
Nanoparticle Safety
7.20.1. The primary routes of exposure for nanoparticles are inhalation, dermal absorption, and
ingestion. Nanoparticles or nanomaterials used in laboratory experiments will likely be in
one of three forms: a powder, in suspension, or in a solid matrix. The form of the
nanoparticles or nanomaterial will play a large role in the exposure potential. For example,
a nanoparticle in powdered form will present a larger inhalation hazard potential than a
nanoparticle in suspension.
7.20.2. Some common tasks that present some potential for exposure include:
7.20.2.1. Working with nanoparticles in suspension without gloves;
7.20.2.2. Working with nanoparticles in suspension during pouring or mixing where
agitation is involved;
7.20.2.3. Generating nanoparticles in the gas-phase;
7.20.2.4. Handling nanoparticle powders;
7.20.2.5. Maintenance on equipment used to produce nanoparticles;
7.20.2.6. Cleaning up spills or waste material;
7.20.2.7. Cleaning dust collection systems; and
7.20.2.8. Machining, sanding, grinding, or mechanically disturbing nanomaterial which
can generate an aerosol.
7.20.3. Engineering and administrative controls should be used to reduce exposure to
nanoparticles by using source enclosure/isolation, and local exhaust ventilation systems.
Projects or processes involving the generation of nanoparticles in suspension should be
performed in a chemical fume hood or externally ducted biological safety cabinet. Always
wear appropriate PPE when working with nanoparticles such as nitrile gloves, chemical
splash goggles, lab coats, closed-toed shoes, and long pants.
7.21.
Sharps Handling Safety
7.21.1. Sharps are defined as items capable of puncturing, cutting, or abrading the skin such as
glass or plastic pipettes, broken glass, test tubes, petri dishes, razor blades, needles, and
syringes with needles. Sharps are often contaminated with hazardous chemicals and/or
infectious agents, so multiple hazards are often encountered. Employees that routinely
work with sharps must be aware of the risk of being punctured or lacerated. It is important
for these employees to take precautions and properly handle sharps in order to prevent
injury and potential disease transmission. These employees should use appropriate PPE
(e.g., puncture-resistant gloves), tools, barrier protection, sharps waste containers, and
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engineering controls to protect themselves. Refer to the Hazardous Waste Disposal Policy
regarding detailed procedures regarding sharps handling and disposal procedures.
8. Equipment, Apparatus and Instrument Safety
8.1. Centrifuges
8.1.1.1.
The following safety guidelines should be followed when operating centrifuges:
Before centrifugation:
8.1.1.2.
Centrifuges must be properly installed and operated only by trained
personnel.
Centrifuges cannot be placed in the hallway of a building; they must remain inside of the
laboratory.
8.1.1.3.
Train each operator on proper operating procedures, review the user
manual.
8.1.1.4.
Use only rotors compatible with the
centrifuge. Check the expiration date for ultracentrifuge
rotors.
8.1.1.5.
Check tubes, bottles, and rotors for cracks and deformities before each
use.
8.1.1.6.
Make sure that the rotor, tubes, and
spindle are dry and clean.
8.1.1.7.
Examine O-rings and replace if worn, cracked, or missing.
8.1.1.8.
Never overfill centrifuge tubes (don't exceed ¾ full).
8.1.1.9.
Always cap tubes before centrifugation.
8.1.1.10.
Always balance buckets, tubes, and rotors properly.
8.1.1.11.
Check that the rotor is seated on the drive correctly, close the lid on
the centrifuge, and secure it.
8.1.1.12.
When using swinging bucket rotors, make sure that all buckets are
hooked correctly and move freely.
During centrifugation:
8.1.1.13.
Close lids at all times during operation. Never open a centrifuge until the
rotor has stopped.
8.1.1.14.
Do not exceed safe rotor speed.
8.1.1.15.
The operator should not leave the centrifuge until full operating
speed is attained and the machine appears to be running safely without vibration.
8.1.1.16.
Stop the centrifuge immediately if an unusual condition (noise or
vibration) begins and check load balances.
After centrifugation:
8.1.1.17.
Allow the centrifuge to come to a complete stop before opening.
8.1.1.18.
Wear new pair of outer gloves to remove rotor and samples.
8.1.1.19.
Check inside of centrifuge for possible spills and leaks, clean centrifuge and
rotor thoroughly if necessary.
8.1.1.20.
Wash hands after removing gloves.
8.2. Stirring and Mixing Equipment
8.2.1. Stirring and mixing devices commonly found in laboratories include stirring motors,
magnetic stirrers, and shakers. These devices are typically used in lab operations that are
performed in a chemical fume hood, and it is important that they be operated in a way that
prevents the generation of electrical sparks. Only spark-free induction motors should be
used in power stirring and mixing devices or any other rotating equipment used for
laboratory operations. Because stirring and mixing devices, especially stirring motors and
magnetic stirrers, are often operated for fairly long periods without constant attention, the
consequences of stirrer failure, electrical overload or blockage of the motion of the stirring
impeller should be considered.
8.3. Heating Devices
8.3.1. Laboratories commonly use heating devices such as ovens, hot plates, heating mantles,
oil baths, salt baths, sand baths, air baths, hot-tube furnaces, hot-air guns, and microwave
ovens. Steam heated devices are generally preferred whenever temperatures of 100°C or
38

less are required because they do not present shock or spark risks and can be left
unattended with assurance that their temperature will never exceed 100°C. Ensure the
supply of water for steam generation is sufficient prior to leaving the reaction for any
extended period of time.
8.3.2. A number of general precautions need to be taken when working with heating

devices in the laboratory. When working with heating devices, consider the
following:
8.3.2.1.
The actual heating element in any laboratory heating device should be enclosed
in such a fashion as to prevent a laboratory worker or any metallic conductor from
accidentally touching the wire carrying the electric current.
8.3.2.2.
If a heating device becomes so worn or damaged that its heating element is
exposed, the device should be either discarded or repaired before it is used again.
8.3.2.3.
The external cases of all variable autotransformers have perforations for cooling
by ventilation and, therefore, should be located where water and other chemicals
cannot be spilled onto them and where they will not be exposed to flammable liquids
or vapors.
8.3.2.4.
Fail-safe devices can prevent fires or explosions that may arise if the
temperature of a reaction increases significantly because of a change in line voltage,
the accidental loss of reaction solvent, or loss of cooling. Some devices will turn off
the electric power if the temperature of the heating device exceeds some preset limit
or if the flow of cooling water through a condenser is stopped owing to the loss of
water pressure or loosening of the water supply hose to a condenser.
8.4. Distillation and Solvent Purification Systems
8.4.1. The process of thermal solvent distillation is inherently dangerous. If not handled
properly, fire, explosion, and/or personnel exposure can result. A few common chemicals
distilled in laboratories include tetrahydrofuran, methylene chloride, diethyl ether, toluene,
dimethylformamide, benzene, and hexanes. The guidelines below should be followed while
thermal distillation of organic solvents is conducted in the lab:
8.4.1.1.
The thermal solvent distillation system should be installed inside of a chemical
fume hood if possible.
8.4.1.2.
Ensure that all heat generating equipment has a shut-off device installed.
8.4.1.3.
Ensure that all water connections on the condenser are clamped securely.
8.4.1.4.
Inspect all glassware for defects before setting them up in the experiment.
8.4.1.5.
Keep all air and water-sensitive drying agents under inert atmosphere. Make
consistent efforts to not store or use other flammable or hazardous chemicals inside
the fume hood where distillation is taking place.
8.5. Laboratory Glassware
8.5.1. Broken laboratory glassware is dangerous. Glassware‐related injuries ranging from
small cuts to multiple stitches and eye damage are common to lab workers. In order to
reduce the risk of accidents, the following guidelines should be followed:
8.5.1.1.
Temperature changes can shatter any laboratory glassware. Never flash‐cool
glassware with cold water, especially after autoclaving or exposure to any high
temperatures.
8.5.1.2.
Only round-bottomed or thick-walled (e.g., Pyrex) evacuated reaction vessels
specifically designed for operations at reduced pressure should be used.
8.5.1.3.
Inspect glassware for any small imperfections before using. Sometimes a
hairline crack may be present. Tap the glassware with a pen and listen to the tone to
tell if there is a defect. A ringing tone indicates the glassware is fine, while a dull
“thud” indicates there is a flaw present.
8.5.1.4.
Don’t keep cracked glassware. If the bottom of a graduated cylinder is chipped
or broken, properly dispose of it.
8.5.1.5.
Always wear appropriate PPE when working with glassware and varying
temperatures. Always wear safety glasses.
8.6. High Pressure Systems
8.6.1. Working with high pressure systems in a laboratory can result in over-pressurization,
explosion, and the possible hazards of flying glass, chemical exposure, and fire. All high
pressure systems must be set up and operated with careful consideration of potential
risks. The following procedures should be followed when working with high pressure
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systems in the laboratory: High-pressure operations should be performed only in pressure
vessels appropriately selected for the operation, properly labeled and installed, and
protected by pressure-relief control devices.
8.6.2. Vessels, connecting hoses, and any apparatus must be strong enough to withstand the
stresses encountered at the intended operating temperatures and pressures and must not
corrode or otherwise react when in contact with the materials it contains.
8.6.3. All pressure equipment should be visually inspected before each use.
8.7. Vacuum Systems
8.7.1. Vacuum work can result in an implosion and the possible hazards of flying glass,
splattering chemicals, and fire. All vacuum operations must be set up and operated with
careful consideration of the potential risks. The following guidelines should be followed
when using vacuum apparatus, including rotary evaporators, in the laboratory:
8.7.1.1.
Do not allow water, solvents, or corrosive gases to be drawn into vacuum
systems.
8.7.1.2.
Protect pumps with cold traps and vent their exhaust into an exhaust hood.
8.7.1.3.
Assemble vacuum apparatus in a manner that avoids strain, particularly to the
neck of the flask.
8.7.1.4.
Avoid putting pressure on a vacuum line to prevent stopcocks from popping out
or glass apparatus from exploding.
8.7.1.5.
Place vacuum apparatus in such a way that the possibility of being accidentally
hit is minimized. If necessary, place transparent plastic around it to prevent injury
from flying glass in case of an explosion.
8.7.1.6.
When using a rotary evaporator, the glass components of the rotary evaporator
should be made of Pyrex or similar glass. Glass vessels should be completely
enclosed in a shield to guard against flying glass should the components implode.
Increase in rotation speed and application of vacuum to the flask whose solvent is to
be evaporated should be gradual.
8.7.1.7.
When using a vacuum source, it is important to place a trap between the
experimental apparatus and the vacuum source. The vacuum trap protects the pump
and the piping from the potentially damaging effects of the material, protects people
who must work on the vacuum lines or system, and prevents vapors and related
odors from being emitted back into the laboratory or system exhaust. The following
vacuum trapping guidelines should be followed:
8.7.1.7.1.
Make sure the flask is properly clamped and secured.
8.7.1.7.2.
Make sure the vacuum hose is connected to the vacuum line, not the
gas line.
8.7.1.7.3.
To prevent contamination, all lines leading from experimental apparatus
to the vacuum source should be equipped with filtration or other trapping
device as appropriate.
8.7.1.7.4.
For particulates, use filtration capable of efficiently trapping the particles
in the size range being generated.
8.7.1.7.5.
For most aqueous or non-volatile liquids, a filter flask at room
temperature is adequate to prevent liquids from getting to the vacuum source.
8.7.1.7.6.
For solvents and other volatile liquids, use a cold trap of sufficient size
and cold enough to condense vapors generated, followed by a filter flask
capable of collecting fluid that could be aspirated out of the cold trap.
8.7.1.7.7.
For highly reactive, corrosive, or toxic gases, use a sorbent canister or
scrubbing device capable of trapping the gas.
9. Research Samples and Chemicals Developed in the Lab
9.1. Research samples and chemicals developed in the lab (samples) must be managed
responsibly. Samples often accumulate in labs for years and are difficult to identify and dispose
of and can create unsafe and non-compliant conditions if not managed properly. The following
requirements apply to samples developed in the laboratory:
9.1.1. All samples must be kept closed except when in use.
9.1.2. Storage in beakers or flasks should be temporary. If temporarily storing samples in
beakers or flasks, a cork, Parafilm®, or some other closure device must be used. All
samples must be labeled with the chemical name, date the sample was
developed/received, and the name of generator. Chemical structure or a labeling system
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that is only known to lab personnel is not acceptable as the only means of labeling
samples. Acronyms can be used as a labeling system as long as an up-to-date legend is
posted in the lab.
9.1.3. Samples should be disposed of within 6 months unless actively being used for analysis.
Stockpiling unusable samples in not an acceptable practice. All samples that are no longer
necessary must be properly disposed of in a timely manner using REM’s hazardous waste
program.
9.1.4. Samples must be stored according to the primary hazard class; this should be done to
the best of your ability considering the properties that are known or assumed such as
toxicity. If the hazard(s) of a sample are unknown, the Laboratory Supervisor must attempt
to determine whether it is hazardous or not. Assume all samples are toxic unless otherwise
demonstrated. This can be accomplished by literature review or reviewing the hazards of
other similar compounds. At a minimum, the Laboratory Supervisor should be able to
determine if a chemical is flammable, corrosive, oxidant, or reactive. Call EH&S at 4468133 for assistance with identifying the hazards of samples.
9.1.5. If samples are consolidated for storage (e.g., vial boxes), it is not always necessary to
label every sample container. For example, a box containing sample vials which are all in
the same hazard class (e.g., miscellaneous pharmaceutical compounds considered to be
toxic) can have one label on the outside of the box stating “Miscellaneous Toxic
Pharmaceutical Compounds” or a similar description. A label such as the one shown in
Figure 5.9 can be used to identify consolidated samples, and should only be used on a
temporary basis. This type of information communicates the hazards to emergency
responders, as well as gives REM the information necessary for proper disposal.
9.1.6. If the chemical substance is produced for another user outside of the lab, the Laboratory
Supervisor must comply with the Hazard Communication Standard including the
requirements for preparation of SDSs and container labeling.
10. Transporting Hazardous Chemicals
10.1. Transporting chemicals is a potentially hazardous process that must only be done with
appropriate training. Contact STLCOP EH&S for guidance on transporting of materials.
10.2. Shipping Hazardous Chemicals off Campus (see Materials of Trade Exemption Policy)
10.2.1. Shipping chemicals, research samples, or other similar materials off campus is
potentially regulated by the Department of Transportation (DOT) and/or other regulatory
agencies. Chemicals regulated for shipping require very specific types of packaging,
labeling, and documentation and must be prepared by trained personnel. REM makes the
determination on whether a chemical is classified as hazardous for transportation
purposes. Unless the researcher is DOT trained, they are not authorized to make this
determination. Shipments that are not prepared by trained personnel can result in delays,
loss of research samples, and potential regulatory fines. STLCOP EH&S can arrange
shipment of materials for departments needing to ship materials off campus. Contact
EH&S at 446-8133 for assistance with shipping of materials.
10.3. Transporting Chemicals on Campus via Foot
10.3.1. Transporting small volumes of chemicals across campus via foot (e.g., from two
neighboring campus buildings) is acceptable as long as it is done properly. Do not attempt
to move large volumes (e.g., greater than 5 gallons in total volume) of chemicals across
campus via foot. If a large volume of chemicals needs to be moved, such as an entire lab
move, contact EH&S at 446-8133 for further assistance. The following procedures must
be followed when moving chemicals on campus by way of foot:
10.3.1.1. PPE must be worn when handling potentially contaminated surfaces. During the
time which the chemicals are moved on campus via foot, PPE may not be necessary
or even appropriate (e.g., employees should not wear chemical-resistant gloves in
public areas). However, appropriate PPE and spill containment equipment should be
brought along in the event of a spill or incident.
10.3.1.2. Laboratory carts used to transport chemicals from one area to another shall be
stable and in good condition. Transport only a quantity which can be handled easily.
Plan the route ahead of time so as to avoid all steps or stairs.
10.3.1.3. Freight elevators, not passenger elevators, should be used to transport
hazardous chemicals whenever possible. The individual transporting the hazardous
chemicals should operate the elevator alone if possible. Avoid getting on an elevator
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when a person is transporting hazardous chemicals.
11. Laboratory Security
11.1.
All laboratory personnel have a responsibility to protect college property from misuse
and theft of hazardous materials, particularly those that could threaten human health. At a
minimum, the following security measures should be employed in all campus laboratories:
11.1.1. The laboratory door should remain locked when not occupied.
11.1.2. Always feel free to question anyone that enters the lab that you do not know and ask to
see identification if necessary.
11.1.3. If you see anything suspicious or someone displays suspicious behavior, immediately
report it to Public Safety at 314-446-7233
11.1.4. Any sensitive information or particularly hazardous chemicals should not be stored out
in the open where anyone can readily have access to them. These types of materials
should be stored in a secure location and lab personnel should always be present when
these materials are in use.
11.1.5. Access into laboratories is limited to those who complete required training on Moodle.
11.1.6. Controlled Substances
11.1.6.1. Controlled substances and DEA regulated materials are under the strict
supervision by STLCOP EH&S. Anyone requesting DEA regulated materials for
laboratory research use must complete a work order form on MyStlcop.
11.1.6.2. Only individuals who have a complete HR background check per the Controlled
Substances Background Check Policy will be able to receive DEA schedule drugs.
11.1.6.3. View the Controlled Substances in Laboratory and Animal Research Policy for
more information.
11.2.
Laboratory Self-Inspections
11.2.1. STLCOP EH&S performs laboratory inspections for various purposes (e.g., routine
building safety and compliance inspections). However, the Laboratory Supervisor, PI, or a
qualified designee should also inspect the laboratory for compliance with the requirements
of the CHP at a minimum on a regular basis. Lab personnel have a much greater
understanding of the unique hazards and issues that are encountered in their individual
lab. The goal of these inspections is to identify and correct unsafe and non-compliant
conditions that could potentially result in an injury to lab personnel or a fine from a
regulatory agency (e.g., open hazardous waste container). All deficiencies found during the
inspection should be reviewed and corrected. A lab inspection checklist can be found on
MySTLCOP or by contacting STLCOP EH&S. The following elements should be performed
during these inspections:
11.2.1.1. Housekeeping practices should be reviewed. Chemicals should be stored
appropriately and labeled. Evidence of spills and/or chemical contamination
should be cleaned. All glassware and equipment should be stored appropriately,
etc.
11.2.1.2. Hazard assessments should be updated if process changes have occurred. For
example, the lab is now performing organic synthesis and working with
organometallic compounds.
11.2.1.3. Training records should be updated and documented if new lab personnel have
not yet been trained or if any processes have changed.
11.2.1.4. Excess or outdated chemicals should be properly disposed of by EH&S
personnel.
11.2.1.5. Safety supplies such as PPE and spill containment equipment should be
replenished if necessary.
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11.3.

Laboratory Ergonomics

11.3.1. Many tasks in laboratories require repetitive motions which may lead to cumulative
trauma injuries of the body, these effects can be long term. Tasks like pipetting,
weighing multiple samples, standing at the bench or hood and using microscopes for
long periods of time can cause physical stress. Even time compiling data at a
computer poses potential physical problems. Ergonomics is the study of interaction of
the human body with the work environment. Ergonomics strives to fit the job to the
body through proper body positioning, posture, movement, tools, workplace layout
and design. Parts of the body commonly affected by poor ergonomics include: neck,
shoulders, back, hands, wrists, elbows, legs, and feet.
11.3.2. STLCOP EH&S has resources available to improve ergonomic conditions and

help reduce cumulative trauma injuries to laboratory workers. Often simple
adjustments are all that is required to improve conditions. Refer to the
Emergency Management and Safety MOODLE course page for detailed
information regarding laboratory ergonomics program.
11.4.

Laboratory Electrical Safety

11.4.1. Laboratory employees shall be trained to understand the specific hazards
associated with electrical energy. Contact EH&S regarding questions of the Electrical
Safety Program.
11.4.2. Employees who need access to operate circuit breakers and fused switches in
electrical panels may require additional training to be designated by their supervisor
as qualified for the task.
11.4.3. The following requirements apply to the use of cord-and-plug-connected equipment
and flexible cord sets (extension cords):
11.4.3.1. Extension cords may only be used to provide temporary power and must be
used with Ground Fault Circuit Interrupter (GFCI) protection during maintenance
and construction activities and in damp or wet locations.
11.4.3.2. Portable cord and plug connected equipment and extension cords must be
visually inspected before use for external defects such as loose parts, deformed
and missing pins, or damage to outer jacket or insulation, and for possible
internal damage such as pinched or crushed outer jacket. Any defective cord or
cord-and-plug-connected equipment must be removed from service and no
person may use it until it is repaired and tested to ensure it is safe for use.
11.4.3.3. Extension cords must be of the three-wire type. Extension cords and flexible
cords must be designed for hard or extra hard usage. The rating or approval
must be visible.
11.4.3.4. Portable equipment must be handled in a manner that will not cause
damage. Flexible electric cords connected to equipment may not be used for
raising or lowering the equipment.
11.4.3.5. Extension cords must be protected from damage. Sharp corners and
projections must be avoided. Flexible cords may not be run through windows or
doors unless protected from damage, and then only on a temporary basis.
Flexible cords may not be run above ceilings or inside or through walls, ceilings
or floors, and may not be fastened with staples or otherwise hung in such a
fashion as to damage the outer jacket or insulation.
11.4.3.6. Extension cords used with grounding type equipment must contain an
equipment- grounding conductor; the cord must accept a three-prong, or
grounded, plug. Operating equipment with extension cords without a grounding
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plug is prohibited.
11.4.3.7. Attachment plugs and receptacles may not be connected or altered in any
way that would interrupt the continuity of the equipment grounding conductor.
Additionally, these devices may not be altered to allow the grounding pole to be
inserted into current connector slots. Clipping the grounding prong from an
electrical plug is prohibited.
11.4.3.8. Flexible cords may only be plugged into grounded receptacles. Adapters
that interrupt the continuity of the equipment grounding connection may not be
used.
11.4.3.9. All portable electric equipment and flexible cords used in highly conductive
work locations, such as those with water or other conductive liquids, or in places
where employees are likely to contact water or conductive liquids, must be
approved for those locations.
11.4.3.10. Employee's hands must be dry when plugging and unplugging flexible cords
and cord and plug connected equipment if energized equipment is involved.
11.4.3.11. If the connection could provide a conducting path to the employee’s hands
(e.g. if a cord connector is wet from being immersed in water), the energized plug
and receptacle connections must be handled only with insulating protective
equipment.
11.4.3.12. Lamps for general illumination must be protected from breakage, and metal
shell sockets must be grounded.
11.4.3.13. Temporary lights must not be suspended by their cords unless they
have been designed for this purpose.
11.4.3.14. Extension cords are considered to be temporary wiring, and must also
comply with the section on “Requirements for Temporary Wiring” in this program.
11.5.
Temporary Wiring Requirements
11.5.1. Temporary electrical power and lighting installations 600 volts or less, including
flexible cords, cables and extension cords, may only be used during and for renovation,
maintenance, repair, or experimental work. The following additional requirements
apply:
11.5.1.1. Ground-fault protection (e.g. GFCI) must be provided on all temporary-wiring
circuits, including extension cords, used for construction or maintenance
activities.
11.5.1.2. In general, all equipment and tools connected by cord and plug must be
grounded. Listed or labeled double insulated tools and appliances need not be
grounded.
11.5.1.3. Receptacles must be of the grounding type.
11.5.1.4. Flexible cords and cables must be of an approved type and suitable for the
location and intended use. They may not be used as a substitute for the fixed
wiring, where run through holes in walls, ceilings or floors, where run through
doorways, windows or similar openings, where attached to building surfaces, or
where concealed behind building walls, ceilings, floors, rugs or carpeting .
11.5.1.5. Suitable disconnecting switches or plug connects must be installed to permit the
disconnection of all ungrounded conductors of each temporary circuit.
11.5.1.6. Lamps for general illumination must be protected from accidental contact
or damage, either by elevating the fixture above 8 feet above the floor or other
working surface or by providing a suitable guard. Hand lamps supplied by
flexible cord must be equipped with a handle of molded composition or other
approved material and must be equipped with a substantial bulb guard.
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11.5.1.7. Flexible cords and cables must be protected from accidental damage. Sharp
corners and projections are to be avoided. Flexible cords and cables must be
protected from damage when they pass through doorways or other pinch points.
11.6. Wet or Damp Locations
11.6.1. Work in wet or damp work locations (i.e., areas surrounded or near water or other
liquids) should not be performed unless it is absolutely critical. Electrical work should be
postponed until the liquid can be cleaned up. The following special precautions must be
incorporated while performing work in damp locations:
11.6.1.1. Only use electrical cords that have GFCIs;
11.6.1.2. Place a dry barrier over any wet or damp work surface;
11.6.1.3. Remove standing water before beginning work. Work is prohibited in areas
where there is standing water;
11.6.1.4. Do not use electrical extension cords in wet or damp locations; and
11.6.1.5. Keep electrical cords away from standing water.
12. Laboratory PPE Policy
12.1.
Purpose
12.1.1. The purpose of this Laboratory Personal Protective Equipment (PPE) Policy is to ensure
that all St. Louis College of Pharmacy lab employees are aware of the PPE requirements
and procedures to adequately protect themselves against chemical, radiological,
biological, or mechanical hazards. This policy has been prepared in accordance with the
requirements of the OSHA PPE regulations (29 CFR 1910.132 - 29 CFR 1910.140, 29
CFR 1910.95). As briefly discussed in Chapter 4 of the CHP, PPE should never be used in
place of engineering and administrative controls.
12.2.
Scope
12.2.1. This Laboratory PPE Policy applies to all personnel that work with or around hazardous
chemicals or other safety and health hazards. This policy is a part of the larger, allencompassing St. Louis College of Pharmacy PPE Policy that applies to all areas (not just
laboratories) of the campus and related facilities and operations. This Laboratory PPE
Policy does not cover all potential hazards (e.g., confined space entry, welding operations,
and high voltage) in all operations or settings. If a laboratory encounters hazards not
covered in this Laboratory PPE Policy, then refer to the PPE Policy or contact STLCOP EH&S
at 446-8133 for assistance.
12.3.
Minimum PPE Requirements for Laboratories
12.3.1. This section details the minimum PPE requirements for all laboratories using
hazardous chemicals. These requirements do not apply to labs that involve solely
mechanical, computer, laser or other non-ionizing radiation, or electrical operations. The
requirements listed do not cover all operations in all laboratories. Some operations and
procedures may warrant further PPE, as indicated by the SDS, the SOP for the chemical(s)
being used, facility policies, or regulatory requirements. Figure 6.1 illustrates the
minimum PPE required when using hazardous chemicals in a laboratory.
12.4.
PPE Training Requirements
12.4.1. Laboratory Supervisors must ensure that all employees receive PPE training before any
work with hazardous materials occurs. This training must be documented. Each lab
employee must be trained to know at least the following:
12.4.1.1. When PPE is necessary;
12.4.1.2. What PPE is necessary;
12.4.1.3. How to properly don, doff, adjust, and wear PPE;
12.4.1.4. The limitations of the PPE; and
12.4.1.5. The proper care, maintenance, and useful life of PPE.
12.4.2. Each affected employee must demonstrate an understanding of the training provided,
and the ability to use the PPE properly, before performing any work requiring the use of
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PPE. When the supervisor has reason to believe that an affected employee who has
already been trained does not have the understanding and skill required (e.g., employee
is seen handling hazardous materials without wearing proper PPE), then the supervisor
must ensure the employee is retrained.
12.5.
Injuries, Illnesses, and Medical Examinations
12.5.1. Employees must notify their Laboratory Supervisor of all injuries and illnesses
regardless of how the magnitude. The laboratory supervisor must ensure that an employee
injury/illness report form, located on MySTLCOP is completed. Employees should report to
a St. Louis College of Pharmacy approved occupational medical provider if medical
attention is required.
12.5.2. If the injury is serious and presents an emergency situation contact Public Safety at
314-446-7233 and emergency responders will respond and transport the patient to a
local hospital emergency room. For more information regarding the reporting process, visit
MySTLCOP.
12.5.3. Departments must provide all employees who work with hazardous chemicals an
opportunity to receive medical attention, including any follow-up examinations which the
examining physician determines to be necessary, under the following circumstances:
12.5.3.1. Whenever an employee develops signs or symptoms associated with a
hazardous chemical to which the employee may have been exposed in the
laboratory;
12.5.3.2. Where exposure monitoring reveals an exposure level routinely above the action
level (or in the absence of an action level, the permissible exposure limit) for an
OSHA regulated substance for which there are exposure monitoring and medical
surveillance requirements, medical surveillance shall be established for the affected
employee as prescribed by the particular standard; and
12.5.3.3. Whenever an event takes place in the work area such as a spill, leak, explosion,
or other occurrence resulting in the likelihood of a hazardous exposure, the affected
employee shall be provided an opportunity for a medical examination. All medical
examinations must be performed by or under the direct supervision of a licensed
medical care provider and must be provided without cost to the employee.
13. Hazardous Waste Management
13.1.
Introduction
13.1.1. Hazardous waste is generally defined as waste that is dangerous or potentially harmful
to human health or the environment. Hazardous waste regulations are strictly enforced by
both the Environmental Protection Agency (EPA) and the Department of Transportation
(DOT). The hazardous waste program is overseen by STLCOP EH&S. The Laboratory
Materials Manager is responsible for managing the hazardous waste in their laboratory in
a safe and compliant manner. No chemical waste should be poured down the drain or
discarded in the trash unless it is certain that doing so does not violate hazardous waste
regulations.
13.1.2. Hazardous wastes can be liquid, solid, gas, or sludge. They can be discarded chemicals
or mixtures generated from research and teaching operations, commercial products (e.g.,
cleaning fluids or pesticides), or by-products of manufacturing processes. All hazardous
waste falls into one of the following categories:
13.1.2.1. Characteristic Wastes: includes wastes that are ignitable, corrosive, reactive,
or toxic (D- listed).
13.1.2.2. Listed Wastes: includes wastes from common manufacturing and industrial
processes (F-listed), wastes from specific industries (K-listed), and wastes from
commercial chemical products (U- and P-listed).
13.1.2.3. Universal Waste: includes certain batteries (primarily rechargeable batteries
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such as lithium, nickel-cadmium, nickel metal hydride, and mercury oxide), mercurycontaining equipment (e.g., thermometers, thermostats), and certain lamps (e.g.,
fluorescent bulbs). Note: alkaline batteries and incandescent bulbs are not
considered Universal Wastes and can be legally disposed of as trash.
13.1.2.4. Mixed Waste: hazardous waste mixed with radioactive waste.
13.1.3. EPA-regulated hazardous waste should not be mistaken for biological or radiological
wastes. A more detailed definition of hazardous waste, including the D, F, P, and U
lists, is provided in Appendices 1 and 2 of the Hazardous Waste Disposal Guidelines.
13.2.
Waste Identification and Labeling
13.2.1. All chemical constituents in a hazardous waste container must be identified by
knowledgeable laboratory personnel. Not only is this required by the EPA, it also
ensures that waste can be properly characterized and disposed of by STLCOP EH&S. If
there is uncertainty about the composition of a waste stream resulting from an
experimental process, laboratory employees must consult the laboratory supervisor for
assistance. In most cases, careful documentation and review of all chemical products
used in the experimental protocol will result in accurate waste stream characterization.
Additionally, review SDSs (specifically Section 2, “Hazard Identification” and Section
13, “Disposal Considerations”) to obtain information about hazardous constituents
and characteristics.
13.2.2. All waste should be properly labeled as soon the first drop of waste enters a waste
container. Containers must be labeled and clearly marked with words that describe the
contents of the waste and the words "Hazardous Waste". Hazardous waste should be
listed completely on the label provided by STLCOP EH&S in a percentage format. Listing
accurate percentages is not as important (+ 5% is acceptable and constituents less
than 1% can be listed as “trace”) as listing all of the chemicals that makeup the waste.
If a chemical is found in the laboratory and the composition is unknown, it should be
assumed to be hazardous and labeled as “Hazardous Waste”.
13.3.
Waste Storage Requirements
13.3.1. Hazardous waste containers in St. Louis College of Pharmacy laboratories are stored
in the areas in which they are generated. The following rules must be followed at all
times when managing hazardous waste in a laboratory:
13.3.1.1. All waste must be stored in containers.
13.3.1.2. Containers must be in good condition and compatible with the waste they
contain (no corrosive waste in metal containers).
13.3.1.3. Containers must be kept closed at all times except when adding or removing
waste.
13.3.1.4. Containers must be labeled or clearly marked with words that describe the
contents of the waste (e.g., liquid chromatography waste) and the words
"Hazardous Waste".
13.3.1.5. Containers must be stored at or near the point of generation and under the
control of the generator of the waste (wastes should remain in the same room
they were generated in). A central waste collection room should not be
established.
13.3.1.6. The waste storage volume should never exceed 55 gallons per SAA.
13.3.1.7. Containers should be segregated by chemical compatibility during storage
(e.g., acids away from bases, secondary containment can be used as a means of
segregation).
13.3.1.8. Avoid halogenated and non-halogenated wastes in the same waste
container.
13.3.1.9. Avoid mixing incompatible waste streams in the same container (e.g., acids
with bases, oxidizers with organic solvents) that will potentially create an
47

exothermic reaction in the waste container. If mixing waste streams does create
heat, allow the container to vent and cool in a chemical fume hood before sealing
to avoid over pressurization of the container as illustrated in Figure 13.3.1.9.
13.3.1.10. Collect all highly toxic, reactive, mercury and any exotic wastes (e.g., dioxin
compounds, PCBs, controlled substances) separately even if they are chemically
compatible with other waste streams. Failing to do so can result in costly disposal
fees (e.g., mixing mercury with an organic solvent waste means that the entire
waste stream must be treated as mercury waste).
13.3.1.11. All spills and leaks should be cleaned up immediately.
13.4.
Waste Containers
13.4.1. With the exception of special circumstances, EH&S does not provide chemical waste
containers. It is the responsibility of the generator of the waste to provide containers.
Usually the original container of the main component of the waste can be used (e.g., 4liter glass bottle, 5-gallon green metal solvent can). The STLCOP waste management
vendor also offers waste containers such as 20-liter carboys for sale.
13.4.2. St. Louis College of Pharmacy’s policy for the disposal of empty containers is
implemented to protect St. Louis College of Pharmacy facilities and the Housekeeping
staff when removing trash. Please remember that some chemical residues have the
potential to mix with other incompatible residues in the dumpster or compactor causing
a reaction or fire. In addition, sealed containers may become pressurized during
compaction, which may result in residues spraying onto workers. Please keep the
following procedures and information in mind when disposing of empty containers:
13.4.2.1. Triple rinse empty containers with a solvent capable of removing the original
material.
13.4.2.2.
Collect the rinsate for disposal through STLCOP EH&S.
13.4.2.3.
Identify triple-rinsed, dry, odorless, and empty containers by placing a “Safe for
Disposal” label on the container. Contact STLCOP EH&S to request these labels.
13.5. Waste Disposal Procedures
13.5.1. STLCOP EH&S provides pickup services for all chemical waste generated on campus.
All waste must be placed in an appropriate container. To schedule hazardous waste
pickup, submit a work order on MySTLCOP.
13.5.2. For further information regarding hazardous waste disposal, call Carlin Harp at 4468133.
13.6.
Unknown Chemical Waste
13.6.1. Unknown chemicals are a serious problem in laboratories. Mysterious chemicals are
often stored in labs for years before lab personnel notice the unidentified items.
However, steps can be taken to assist with proper management of unknowns.
Unknown chemicals must be properly identified according to hazard class before
proper disposal. The hazards that should be noted include: corrosive, flammable,
oxidizer, reactive, toxic, and radioactive. The following subsections describe in detail
how to properly manage unknown chemicals.
13.7. Labeling Unknown Chemicals
13.7.1. Until the unknown chemical can be properly identified by either lab staff or STLCOP
EH&S, the container should be labeled with a Hazardous Waste Disposal Tag. The
following information should be written on the label: “Unknown hazardous chemical,
awaiting proper characterization”.
13.8.
Identifying Unknown Chemicals
13.8.1. Every effort should be made by laboratory personnel to identify unknown chemicals.
Here are a few steps that can be taken to help this effort.
13.8.1.1.
Ask other laboratory personnel if they are responsible for, or can help identify
the unknown chemical.
13.8.1.2.
The type of research conducted in the laboratory can be useful information for
making this determination. Eliminating certain chemicals as a possibility helps narrow
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the problem as well. This is especially important for mercury, PCB, or dioxin compounds
because they must be managed separately from other hazardous waste.
13.8.1.3.
For trade products, contact the manufacturer or search online to obtain an SDS.
STLCOP EH&S staff can assist you in finding an SDS.
13.9. Removing Unknown Chemicals from the Work Area
13.9.1. If it is not possible to identify the material, a "Hazardous Waste" label should be placed
on the container as described above in Section 13.7 and a Hazardous Materials Pickup
Request should be submitted which describes all of the available information (e.g., 4liter container of clear liquid). Call STLCOP EH&S if you have a question about an
unknown.
13.10. Preventing Unknown Chemicals
13.10.1.
Here are a few tips that will help
prevent the generation of unknown chemicals:
13.10.1.1. Label all chemical containers, including beakers, flasks, vials, and test tubes.
The label should be placed on the container, not the cap to avoid accidental
mislabeling.
13.10.1.2. Immediately replace labels that have fallen off or that are deteriorated.
13.10.1.3. Label containers using chemical names. Do not use abbreviations,
structure, or formulae.
13.10.1.4. Archived research samples are often stored in boxes containing hundreds of
small vials. Label the outside of the box with the chemical constituents paying
special attention to regulated materials such as radioactive material, organic
solvents, heavy metals and other toxics. If the samples are nonhazardous, label them
as such.
13.10.1.5. Employees should dispose of all of their waste before leaving/graduating from
St. Louis College of Pharmacy. The lab and/or department should come up with a
system to ensure that all faculty, staff, and students properly dispose of hazardous
waste, including unwanted research samples, before employees leave.
13.11.

Sink and Trash Disposal

13.11.1.
No chemical waste should be poured down the drain or discarded in the trash
unless it is certain that doing so does not violate hazardous waste regulations. In order to
ensure improper disposal does not occur, the detailed instruction and guidelines for
acceptable sink disposal is provided in the St. Louis College of Pharmacy Hazardous
Waste Disposal Guidelines on MySTLCOP. Please contact STLCOP EH&S for further
information regarding non-hazardous chemical waste disposal.
13.12.

Sharps Waste

13.12.1.
Sharps are items capable of puncturing, cutting, or abrading the skin such as
glass or plastic pipettes, broken glass, test tubes, petri dishes, razor blades, needles, and
syringes with needles. Sharps waste contaminated with hazardous chemicals must be
placed into puncture resistant containers (e.g., sharps container, plastic or metal
container with lid) and properly labeled.
13.12.2.
Clean uncontaminated broken glassware and plastic sharps should be placed
in a corrugated cardboard box or other strong disposable container. Do not exceed 20
pounds. When ready for disposal, the box should be taped shut and prominently labeled
as “Sharp Objects/Glass – Discard” or similar wording. The “Safe for Disposal” label
should also be affixed to the outside of the container. Contact your Facilities Building
Services department for specific non-hazardous waste disposal instructions. More detail
regarding sharps, including biologically contaminated sharps, can be found in the sharps
disposal policy.
14. Chemical Spills
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14.1.
Chemical spills in the laboratory can pose a significant risk to human health and the
environment. All lab personnel must be trained on how to properly respond to chemical spills
in order to minimize risk. In general, chemical spills can be placed into one of two categories:
non- emergency chemical spills, or emergency chemical spills.
14.2.

Non-Emergency Chemical Spill Procedures

14.2.1. Non-emergency chemical spills are generally defined as less than 1 liter, do not involve
a highly toxic or reactive material, do not present a significant fire or environmental
hazard, and are not in a public area such as a hallway. These spills can be cleaned up by
properly trained lab personnel using conventional lab PPE (e.g., safety glasses/goggles,
lab coat, gloves) and the lab spill kit. In general, when a non-emergency spill occurs in the
lab the area around the spill should be isolated, everyone in the lab should be made
aware of the spill, and the spilled material should be absorbed and collected using either
pads or some other absorbent material such as oil dry or kitty litter. Decontamination of
the spill area should be conducted using an appropriate solvent (soap and water is often
the most effective). Proper PPE should be worn at all times and only trained personnel
should conduct the cleanup. Additionally, review the SDS(s) (specifically Section 6,
“Accidental Release Measures”) to obtain chemical-specific cleanup information.
14.3.

Emergency Chemical Spill Procedures

14.3.1. Emergency chemical spills are generally defined as greater than 1 liter, involve a highly
toxic or reactive compound, present an immediate fire or environmental hazard, or
require additional PPE (e.g., respirator) and specialized training to properly cleanup. The
following procedures should be followed in the event of an emergency chemical spill:
14.3.1.1. Cease all activities and immediately evacuate the affected area (make sure
that all personnel in the area are aware of the spill and also evacuate).
14.3.1.2. If chemical exposure has occurred to the skin or eyes, the affected personnel
should be taken to the nearest safety shower and eyewash station.
14.3.1.3. Dial 314-446-7233 which will initiate clean-up response, if the situation is, or
could become an emergency (e.g., chemical exposure has occurred, a fire or
explosion has occurred).
14.3.1.4. The fire alarm should be pulled, which will initiate building evacuation, if any of
the following occurs:
14.3.1.4.1.
A fire and/or explosion has occurred (or there is a threat of
fire and/or explosion);
14.3.1.4.2.
The large spill (which is either highly toxic or presents an
immediate fire or environmental hazard) is in a public area such as a
hallway;
14.3.1.4.3.
Toxic vapors are leaving the area where the spill has occurred, such
as seeping from the laboratory into the hallway or neighboring rooms;
14.3.1.4.4.
You are unsure of the hazards and feel that the spill could be harmful
to building occupants.
14.3.1.4.5.
Ensure that no one else is allowed to enter the area until the
spill has been properly cleaned up by appropriate personnel.
15. Training
15.1.
Effective training is crucial to a successful laboratory safety program. Laboratory
Supervisors must actively participate in the training process to ensure that all lab employees
are effectively trained before any work with hazardous materials occurs. This chapter details
the minimum training requirements for all St. Louis College of Pharmacy laboratories. It
should be noted that depending on the type of work being performed and associated
hazards, there may be additional training requirements that are not detailed in this chapter.
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For more information, contact STLCOP EH&S or visit the Emergency Management Moodle
page.
15.2.

CHP Training

15.2.1. As discussed in Chapter 1 of the CHP, all laboratory employees (PIs, graduate
students, lab technicians/managers, post-docs, visiting scientists, minors, etc.) must
receive documented CHP training before any work with hazardous materials occurs. The
Laboratory Supervisor is responsible for providing CHP training. Initial CHP training
should include the following:
15.2.1.1. Review the lab-specific CHP in its entirety
15.2.1.2. Review lab-specific hazard assessments
15.2.1.3. Review lab-specific SOPs
15.2.1.4. Review any other lab-specific protocol or requirements
15.2.2. Refer to Appendix A for the CHP Training Certification Form, which can be used to
document CHP training.
15.2.3. Minors, persons under 18 years of age, are not allowed in St. Louis College of
Pharmacy laboratories where hazardous materials or laboratory animals are present or
hazardous activities take place with few exceptions. For more information regarding
minors in laboratory, reference the Minors in Laboratory Policy.
15.3.

Annual CHP Refresher Requirements

15.3.1. Review of the lab-specific hazard assessments (review of PPE requirements)
15.3.2. Review of the lab-specific SOPs
15.3.3. Review of any additional lab-specific rules and requirements
15.3.4. Review of chemical spill and lab emergency procedures
15.4.

PPE Training

15.4.1. As discussed in Chapter 6 of the CHP, Laboratory Supervisors must ensure that all lab
employees receive documented PPE training before any work with hazardous materials
occurs. Document PPE training. Each lab employee must be trained to know at least the
following:
15.4.1.1. When PPE is necessary
15.4.1.2. What PPE is necessary
15.4.1.3. How to properly don, doff, adjust, and wear PPE
15.4.1.4. The limitations of the PPE
15.4.1.5. The proper care, maintenance, and useful life of PPE
15.4.2. Each affected employee must demonstrate an understanding of the training
provided, and the ability to use the PPE properly, before performing any work requiring
the use of PPE.
15.5.
Occupational Health Training and Respiratory Protection Program Training
15.5.1. Available through EH&S when required due to personnel job tasks.
15.6.
SOP Training
15.6.1. As discussed in Chapter 4 of the CHP, SOPs are written instructions that detail the
steps that will be performed during a given procedure and include information about
potential hazards and how these hazards will be mitigated. SOPs must be developed for
all high-hazard tasks that are performed in the lab, which is defined as work with:
15.6.1.1. Explosives
15.6.1.2. Water-reactive, pyrophoric, self-heating, or self-reactive chemicals
15.6.1.3. Particularly hazardous substances, which includes carcinogens, reproductive
toxins, and acutely toxic substances
15.6.1.4. Compressed gases
15.6.1.5. Work involving more than 1 liter of flammable liquids, flammable solids,
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corrosives, oxidizers, or organic peroxides at one time
15.6.1.6. High-hazard tasks can also include work with equipment that creates particularly
hazardous conditions. Examples include solvent distillation, work with high-pressure
systems, hydrogenation, work with cryogenic chemicals such as liquid nitrogen, etc.
15.6.2. Laboratory Supervisors must ensure that all applicable personnel receive documented
training on lab-specific SOPs. More information regarding SOPs can be found on STLCOP
EH&S webpage.
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Appendix A: CHP Training Certification Form

ST. LOUIS COLLEGE OF PHARMACY
Chemical Hygiene Plan and Hazardous Materials Safety Manual
Training Certification
(Please Type or Print Legibly)
1.1.1.1 For:

Principal Investigator, Building, and Room(s)

After reading the "St. Louis College of Pharmacy Chemical Hygiene Plan”, complete and return a copy
of this form to your principal investigator (supervisor). By signing below you acknowledge that you
are aware of the Chemical Hygiene Plan and the policies and procedures applicable to the OSHA
Occupational Exposure to Hazardous Chemicals in Laboratories Standard (29 CFR 1910.1450).
Your supervisor will provide additional information and training as appropriate.

Name:

Work Telephone:

Email Address:
Department: Job
Title:
Employee Signature:

Date:

Filing:
Completed Chemical Hygiene Plan Awareness Certifications are to be filed in a central
administrative location within each staff member’s department. These and all other safety training
records should be organized in a way that allows original records to be retrieved quickly and
efficiently on request by an OSHA inspector or STLCOP EH&S staff member, and to be retrieved for a
single staff member or for an entire work group (identified by PI/supervisor).

55
The official version of this document will only be maintained online.

Appendix B: OSHA Hazard Class Definitions

56
The official version of this document will only be maintained online.

Appendix B:
OSHA Hazard Class Definitions

B.1

Physical Hazards

B.1.1

Flammable Liquids

Appendix B: OSHA Hazard Class Definitions

Flammable hazards are materials which under standard conditions can generate sufficient vapor to
cause a fire in the presence of an ignition source. Flammable liquids (e.g., hexane, ethyl acetate,
xylene) are more hazardous at elevated temperatures due to more rapid vaporization. The following
definitions are important to understand when evaluating the hazards of flammable liquids:












Flammable liquid is a liquid having a flash point no greater than 93 °C (200 °F).
Flash point is the minimum temperature at which the
application of an ignition source causes the vapors of a
liquid to ignite under specified test conditions.
Boiling point is the temperature at which the vapor pressure
of a liquid equals the atmospheric pressure and the liquid
changes into a vapor.
Auto ignition temperature is the minimum temperature
at which self-sustained combustion will occur in the
absence of an ignition source.
Lower explosive limit (LEL) is the lowest concentration
(percentage) of a gas or a vapor in air capable of producing
a flash of fire in presence of an ignition source (arc, flame,
heat).
Upper explosive limit (UEL) is the highest concentration
(percentage) of a gas or a vapor in air capable of
producing a flash of fire in presence of an ignition source (arc, flame, heat).

Some organic solvents (e.g., diethyl ether) have the potential to form potentially shock- sensitive
organic peroxides. See Appendix 3 for additional information regarding peroxide forming chemicals.
Chapter 77.11 of the CHP details flammable liquids storage requirements.
B.1.2

Flammable Solids

A flammable solid is a solid which is readily combustible, or may cause or contribute to a fire through
friction. Readily combustible solids are powdered, granular, or pasty substances which are dangerous
if they can be easily ignited by brief contact with an ignition source. Flammable solids are more
hazardous when widely dispersed in a confined space (e.g., finely divided metal powders).
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B.1.3

Gases under Pressure

Gases under pressure are gases which are contained in a receptacle at a
pressure not less than 280 kPA at 20°C or as a refrigerated liquid. Gases
under pressure include the following:







Compressed gas is a gas which when packaged under pressure is
entirely gaseous at -50 °C; including all gases with a critical
temperature ≤ -50 °C.
Liquefied gas is a gas which when packaged under pressure is partially liquid at
temperatures above -50 °C.
Refrigerated liquefied gas is a gas which when packaged is made partially liquid because of
its low temperature.
Dissolved gas is a gas which when packaged under pressure is dissolved in a liquid phase
solvent.

All compressed gases are hazardous due to the fact they are stored in compressed cylinders, which
can explode and act as a projectile if ruptured. Compressed gases also carry the hazards of the
chemicals they contain such as asphyxiation (carbon dioxide), toxicity (nitric oxide), flammable
(propane), and corrosive (hydrogen chloride).
Sections 7.12 and 7.18 of the CHP details compressed gases storage requirements.
B.1.4

Pyrophoric, Self-Heating, and Self-Reactive Material

Pyrophoric material (also called “spontaneously combustible”) is a
liquid or solid that even in small quantities and without an external
ignition source can ignite after coming in contact with the air.
Self-heating material is a solid or liquid, other than a pyrophoric
substance, which, by reaction with air and without energy supply, is liable
to self-heat. This endpoint differs from a pyrophoric substance in that it
will ignite only when in large amounts (kilograms) and after long periods
of time (hours or days).
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Self-reactive material is a thermally unstable liquid or solid liable to undergo a strongly exothermic
thermal decomposition even without participation of oxygen (air).
Chapter 7.13 of the CHP details the storage requirements for reactive chemicals.
B.1.5

Water-Reactive Materials

A water-reactive material is a liquid or solid that reacts violently with water to
produce a flammable or toxic gas, or other hazardous conditions. Alkali metals
(e.g., sodium, potassium) and metal hydrides (e.g., calcium hydride) are
common water-reactive materials found in laboratories.
Section 7.13 of the CHP details the storage requirements for reactive chemicals.
B.1.6

Oxidizers

An oxidizing solid/liquid is a solid/liquid which, while in itself is not necessarily combustible, may
generally by yielding oxygen, cause or contribute to the combustion of other material. Hydrogen
peroxide, nitric acid, and nitrate solutions are examples of oxidizing liquids commonly found in a
laboratory. Sodium nitrate, Sodium perchlorate, and Potassium permanganate are examples of
oxidizing solids commonly found in a laboratory.
Chapter 7.16 of the CHP details oxidizer storage requirements.
B.1.7

Organic Peroxides

An organic peroxide is an organic liquid or solid which contains the bivalent -0-0- structure and may
be considered a derivative of hydrogen peroxide, where one or both of the hydrogen atoms have
been replaced by organic radicals. The term also includes organic peroxide formulations (mixtures).
Such substances and mixtures may:






Be liable to explosive decomposition;
Burn rapidly;
Be sensitive to impact or friction; or
React dangerously with other substances

Chapter 7.16 of the CHP details organic peroxide storage requirements.

59
The official version of this document will only be maintained online.

B.1.8

Explosives

An explosive substance (or mixture) is a solid or liquid substance (or mixture of
substances) which is in itself capable by chemical reaction of producing gas at
such a temperature and pressure and at such a speed that can cause damage
to the surroundings. Pyrotechnic substances are included even when they do not
evolve gases. A pyrotechnic substance (or mixture) is designed to produce an
effect by heat, light, sound, gas or smoke or a combination of these as the result
of non-detonative, self-sustaining, exothermic chemical reactions. An explosive
compound that is sometimes found in a laboratory setting is picric acid (2,4,6trinitrophenol).
If a laboratory plans to work with explosive compounds, contact EH&S for further instructions before
any work occurs.

B.2

Health Hazards

A chemical is a health hazard if there is statistically significant evidence based on at least one study
conducted in accordance with established scientific principles that acute or chronic health effects
may occur in exposed employees. Each health hazard is defined and briefly discussed below.
B.2.1

Irritants

Irritants are defined as chemicals that cause reversible inflammatory effects on
living tissue by chemical action at the site of contact. A wide variety of organic and
inorganic compounds, including many chemicals that are in a powder or
crystalline form, are irritants. Symptoms of exposure can include reddening or
discomfort of the skin and irritation to respiratory systems.
B.2.2

Sensitizers

A sensitizer (allergen) is a substance that causes exposed individuals to develop an allergic
reaction in normal tissue after repeated exposure to the substance. Examples of sensitizers include
diazomethane, chromium, nickel, formaldehyde, isocyanates, arylhydrazines, benzylic and allylic
halides, and many phenol derivatives. Sensitizer exposure can lead to all of the symptoms
associated with allergic reactions, or can increase an individual’s existing allergies.
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B.2.3

Corrosives

Corrosive substances cause destruction of living tissue by chemical corrosion at the site of contact
and can be either acidic or caustic (basic). Major classes of corrosive substances include:



Strong acids such as sulfuric, nitric, hydrochloric and hydrofluoric
acids



Strong bases such as sodium hydroxide, potassium hydroxide, and
ammonium hydroxide



Dehydrating agents such sulfuric acid, sodium hydroxide,
phosphorus pentoxide and calcium oxide
Oxidizing agents such as hydrogen peroxide, chlorine, and bromine



Chapter 7.15 of the CHP details corrosives storage requirements.
B.2.4

Hazardous Substances with Toxic Effects on Specific Organs

Substances with toxic effects on specific organs include:



Hepatotoxins, which are substances that produce liver damage, such as
nitrosamines and carbon tetrachloride.



Nephrotoxins, which are substances that cause damage to the
kidneys, such as certain halogenated hydrocarbons.



Neurotoxins, which are substances that produce toxic effects on the
nervous system, such as mercury, acrylamide, and carbon disulfide.
Substances that act on the hematopoietic system (e.g., carbon monoxide and cyanides),
which decrease hemoglobin function and deprive the body tissues of oxygen.
Substances that damage lung tissue such as asbestos and silica.



B.2.5

Particularly Hazardous Substances

Substances that pose such significant threats to human health are classified as "particularly
hazardous substances" (PHSs). The OSHA Laboratory Standard requires that special provisions be
established to prevent the harmful exposure of researchers to PHSs, including the establishment of
designated areas for their use. Particularly hazardous substances are divided into three primary
types:

1. Carcinogens
2. Reproductive Toxins
3. Substances with a High Acute Toxicity
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B.2.5.1

Carcinogens

Carcinogens are chemical or physical agents that cause cancer. Generally they are chronically
toxic substances; that is, they cause damage after repeated or long-duration exposure, and
their effects may only become evident after a long latency period. Chronic toxins are
particularly insidious because they may have no immediately apparent harmful effects. These
materials are separated into two classes:

1. Select Carcinogens: Select carcinogens are materials which have met certain criteria
established by the National Toxicology Program or the International Agency for Research
on Cancer regarding the risk of cancer via certain exposure routes. It is important to
recognize that some substances involved in research laboratories are new compounds
and have not been subjected to testing for carcinogenicity.

2. Regulated Carcinogens: Regulated carcinogens are more hazardous and have
extensive additional requirements associated with them. The use of these agents may
require personal exposure sampling based on usage. When working with Regulated
Carcinogens, it is particularly important to review and effectively apply engineering and
administrative safety controls as the regulatory requirements for laboratories that may
exceed long term (8 hour) or short term (15 minutes) threshold values for these
chemicals are very extensive.

B.2.5.2

Reproductive Toxins

Reproductive toxins include any chemical that may affect the reproductive capabilities,
including chromosomal damage (mutations) and effects on fetuses (teratogens). Reproductive
toxins can affect the reproductive health of both men and women if proper procedures and
controls are not used. For women, exposure to reproductive toxins during pregnancy can cause
adverse effects on the fetus; these effects include embryolethality (death of the fertilized egg,
embryo or fetus), malformations (teratogenic effects), and postnatal functional defects. For
men, exposure can lead to sterility. Examples of embryotoxins include thalidomide and certain
antibiotics such as tetracycline. Women of childbearing potential should note that embryotoxins
have the greatest impact during the first trimester of pregnancy. Because a woman often does
not know that she is pregnant during this period of high susceptibility, special caution is
advised when working with all chemicals, especially those rapidly absorbed through the skin
(e.g., formamide).
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B.2.5.3

Substances with a High Acute Toxicity

Substances that have a high degree of acute toxicity are materials that may be fatal or cause
damage to target organs as the result of a single exposure or exposures of short duration. Acute
toxins are quantified by a substance’s lethal dose-50 (LD50) or lethal concentration-50 (LC50),
which is the lethal dose of a compound to 50% of a laboratory tested animal population (e.g.,
rats, rabbits) over a specified time period. High acute toxicity includes any chemical that falls
within any of the following OSHA-defined categories:



A chemical with a median lethal dose (LD50) of 50 mg or less
per kg of body weight when administered orally to certain test
populations.



A chemical with an LD50 of 200 mg less per kg of body
weight when administered by continuous contact for 24
hours to certain test populations.



A chemical with a median lethal concentration (LC50) in air
of 200 parts per million (ppm) by volume or less of gas or vapor, or 2 mg per liter or less
of mist, fume, or dust, when administered to certain test populations by continuous
inhalation for one hour, provided such concentration and/or condition are likely to be
encountered by humans when the chemical is used in any reasonably foreseeable
manner.

Chapter 7.14 of the CHP details acutely toxic compounds storage requirements.
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Tab 3:
Lab-Specific Hazard Assessments
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Appendix D:
Hazardous Chemical List
This list is based on OSHA’s z-list but is not all-inclusive. For complete hazard information, refer to
the SDS for each chemical or contact EH&S. Links to SDSs can be found on the Velocity EH&S
online.
Acetaldehyde
Acetic acid
Acetic anhydride
Acetone
Acetonitrile
2-Acetylaminofluorine
Acetylene dichloride
Acetylene tetrabromide
Acrolein
Acrylamide
Acrylonitrile
Aldrin
Allyl alcohol
Allyl chloride
Allyl glycidyl ether (AGE)
Allyl propyl disulfide
alpha-Alumina
Aluminum
4-Aminodiphenyl
2-Aminoethanol
2-Aminopyridine
Ammonia
Ammonium sulfamate
n-Amyl acetate
sec-Amyl acetate
Aniline and homologs
Anisidine (o-, p-isomers)
Antimony and compounds
ANTU (alpha Naphthylthiourea)
Arsenic, inorganic compounds
Arsine
Asbestos
Azinphos-methyl
Barium
Barium sulfate
Benomyl
Benzene
Benzidine
p-Benzoquinone
Benzo(a)pyrene
Benzoyl peroxide
Benzyl chloride

Butadiene (1,3-Butadiene)
Butanethiol
2-Butanone (Methyl ethyl ketone)
2-Butoxyethanol
n-Butyl-acetate
sec-Butyl acetate
tert-Butyl acetate
n-Butyl alcohol
sec-Butyl alcohol
tert-Butyl alcohol
Butylamine
tert-Butyl chromate
n-Butyl glycidyl ether (BGE)
Butyl mercaptan
p-tert-Butyltoluene
Cadmium
Calcium carbonate
Calcium hydroxide
Calcium oxide
Calcium silicate
Calcium sulfate
Camphor, synthetic
Carbaryl (Sevin)
Carbon black
Carbon dioxide
Carbon disulfide
Carbon monoxide
Carbon tetrachloride
Cellulose
Chlordane
Chlorinated camphene
Chlorinated diphenyl oxide
Chlorine
Chlorine dioxide
Chlorine trifluoride
Chloroacetaldehyde
a-Chloroacetophenone (Phenacyl chloride)
Chlorobenzene
o-Chlorobenzylidene malononitrile
Chlorobromomethane
2-Chloro-1,3-butadiene
Chlorodiphenyl
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Beryllium and beryllium compounds
Biphenyl
Bismuth telluride
Boron oxide
Boron trifluoride
Bromine
Bromoform
beta-Chloroprene
2-Chloro-6-(trichloromethyl) pyridine
Chromic acid and chromates
Chromium (II)
Chromium (III)
Chromium metal and insol. salts
Chrysene
Clopidol
Coal dust
Cobalt
Copper
Cotton dust
Crag herbicide (Sesone)
Cresol
Crotonaldehyde
Cumene
Cyanides
Cyclohexane
Cyclohexanol
Cyclohexanone
Cyclohexene
Cyclopentadiene
2,4-D (Dichlorophenoxyacetic acid)
Decaborane
Demeton (Systox)
Diacetone alcohol (4-Hydroxy-4-methyl-2-pentanone)
1,2-Diaminoethane
Diazomethane
Diborane
1,2-Dibromo-3-chloropropane (DBCP)
1,2-Dibromoethane
Dibutyl phosphate
Dibutyl phthalate
o-Dichlorobenzene
p-Dichlorobenzene
3,'-Dichlorobenzidine
Dichlorodifluoromethane
1,3-Dichloro-5,5-dimethyl hydantoin
Dichlorodiphenyltrichloroethane (DDT)
1,1-Dichloroethane

1-Chloro-2,3-epoxypropane
2-Chloroethanol
Chloroethylene
Chloroform (Trichloromethane)
bis(Chloromethyl) ether
Chloromethyl methyl ether
1-Chloro-1-nitropropane
Dicyclopentadienyl iron
Dieldrin
Diethylamine
2-Diethylaminoethanol
Diethyl ether
Difluorodibromomethane
Diglycidyl ether (DGE)
Dihydroxybenzene
Diisobutyl ketone
Diisopropylamine
4-Dimethylaminoazobenzene
Dimethoxymethane
Dimethyl acetamide
Dimethylamine
Dimethylaminobenzene
Dimethylaniline (N,N-Dimethylaniline)
Dimethylbenzene
Dimethyl-1,2-dibromo-2,2-dichloroethyl phosphate
Dimethylformamide
2,6-Dimethyl-4-heptanone ketone
1,1-Dimethylhydrazine
Dimethylphthalate
Dimethyl sulfate
Dinitrobenzene (all isomers)
Dinitro-o-cresol
Dinitrotoluene
Dioxane (Diethylene dioxide)
Diphenyl (Biphenyl)
Diphenylmethane diisocyanate
Dipropylene glycol methyl ether
Di-sec octyl phthalate (Di-(2-ethylhexyl)phthalate)
Emery
Endrin
Epichlorohydrin
EPN
1,2-Epoxypropane
2,3-Epoxy-1-propanol
Ethanethiol
Ethanolamine
2-Ethoxyethanol (Cellosolve)
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1,2-Dichloroethane
1,2-Dichloroethylene
Dichloroethyl ether
Dichloromethane
Dichloromonofluoromethane
1,1-Dichloro-1-nitroethane
1,2-Dichloropropane
Dichlorotetrafluoroethane
Dichlorvos (DDVP)
Ethyl chloride
Ethyl ether
Ethyl formate
Ethyl mercaptan
Ethyl silicate
Ethylene chlorohydrin
Ethylenediamine
Ethylene dibromide
Ethylene dichloride (1,2-Dichloroethane)
Ethylene glycol dinitrate
Ethylene glycol methyl acetate
Ethyleneimine
Ethylene oxide
Ethylidene chloride
N-Ethylmorpholine
Ferbam
Ferrovanadium dust
Fluorides (as F)
Fluorine
Fluorotrichloromethane(Trichlorofluoromethane).
Formaldehyde
Formic acid
Furfural
Furfuryl alcohol
Glycerin (mist)
Glycidol
Glycol monoethyl ether
Graphite, natural
Graphite, synthetic
Guthion.
Gypsum
Hafnium
Heptane (n-Heptane)
Hexachloroethane
Hexachloronaphthalene
n-Hexane
2-Hexanone (Methyl n-butyl ketone)
Hexone (Methyl isobutyl ketone)

2-Ethoxyethyl acetate (Cellosolve acetate)
Ethyl acetate
Ethyl acrylate
Ethyl alcohol (Ethanol)
Ethylamine
Ethyl amyl ketone (5-Methyl-3-heptanone)
Ethyl benzene
Ethyl bromide
Ethyl butyl ketone (3-Heptanone)
Iron oxide fume
Isoamyl acetate
Isoamyl alcohol (primary and secondary)
Isobutyl acetate
Isobutyl alcohol
Isophorone
Isopropyl acetate
Isopropyl alcohol
Isopropylamine
Isopropyl ether
Isopropyl glycidyl ether (IGE)
Kaolin
Ketene
Lead, inorganic (as Pb)
Limestone
Lindane
Lithium hydride
L.P.G. (Liquefied petroleum gas)
Magnesite
Magnesium oxide fume
Malathion
Maleic anhydride
Manganese compounds (as Mn)
Mercury
Mesityl oxide
Methanethiol
Methoxychlor
2-Methoxyethanol (Methyl cellosolve)
2-Methoxyethyl acetate (Methyl cellosolve
acetate)
Methyl acetate
Methyl acetylene (Propyne)
Methyl acetylene-propadiene mixture (MAPP)
Methyl acrylate
Methylal (Dimethoxy-methane)
Methyl alcohol
Methylamine
Methyl amyl alcohol
Methyl n-amyl ketone
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sec-Hexyl acetate
Hydrazine
Hydrogen bromide
Hydrogen chloride
Hydrogen cyanide
Hydrogen fluoride (as F)
Hydrogen peroxide
Hydrogen selenide (as Se)
Hydrogen sulfide
Hydroquinone
Iodine
Methyl formate
Methyl hydrazine (Monomethyl hydrazine)
Methyl iodide
Methyl isoamyl ketone
Methyl isobutyl carbinol
Methyl isobutyl ketone
Methyl isocyanate
Methyl mercaptan
Methyl methacrylate
Methyl propyl ketone
alpha-Methyl styrene
Methylene bisphenyl isocyanate (MDI)
Molybdenum (as Mo)
Monomethyl aniline
Monomethyl hydrazine
Morpholine
Naphtha (Coal tar)
Naphthalene
alpha-Naphthylamine
beta-Naphthylamine
Nickel carbonyl
Nickel
Nickel
Nicotine
Nitric acid
Nitric oxide
p-Nitroaniline
Nitrobenzene
p-Nitrochlorobenzene
4-Nitrodiphenyl
Nitroethane
Nitrogen dioxide
Nitrogen trifluoride
Nitroglycerin
Nitromethane
1-Nitropropane

Methyl bromide
Methyl butyl ketone
Methyl cellosolve
Methyl cellosolve acetate
Methyl chloride
Methyl chloroform (1,1,1-Trichloroethane)
Methylcyclohexane
Methylcyclohexanol
o-Methylcyclohexanone
Methylene chloride
Methyl ethyl ketone (MEK)
PCB
Pentaborane
Pentachloronaphthalene
Pentachlorophenol
Pentaerythritol
Pentane
2-Pentanone (Methyl propyl ketone)
Perchloroethylene (Tetrachloroethylene)
Perchloromethyl mercaptan
Perchloryl fluoride
Phenol
p-Phenylene diamine
Phenyl ether, vapor
Phenyl ether-biphenyl mixture
Phenylethylene
Phenyl glycidyl ether (PGE)
Phenylhydrazine
Phosdrin (Mevinphos)
Phosgene (Carbonyl chloride)
Phosphine
Phosphoric acid
Phosphorus (yellow)
Phosphorus pentachloride
Phosphorus pentasulfide
Phosphorus trichloride
Phthalic anhydride
Picloram
Picric acid
Pindone (2-Pivalyl-1,3-indandione)
Platinum (as Pt)
Propane
beta-Propriolactone
n-Propyl acetate
n-Propyl alcohol
n-Propyl nitrate
Propylene dichloride
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2-Nitropropane
N-Nitrosodimethylamine
Nitrotoluene (all isomers)
Nitrotrichloromethane
Octachloronaphthalene
Octane
Oil mist, mineral
Osmium tetroxide (as Os)
Oxalic acid
Oxygen difluoride
Ozone
Paraquat
Parathion
Silicon
Silicon carbide
Silver
Sodium fluoroacetate
Sodium hydroxide
Stibine
Stoddard solvent
Strychnine
Styrene
Sulfur dioxide
Sulfur hexafluoride
Sulfuric acid
Sulfur monochloride
Sulfur pentafluoride
Sulfuryl fluoride
Systox;
2,4,5-T
Tantalum
TEDP (Sulfotep)
Tellurium and compounds
Tellurium hexafluoride
Temephos
TEPP (Tetraethyl pyrophosphate)
Terphenyls
1,1,1,2-Tetrachloro-2,2-difluoroethane
1,1,2,2-Tetrachloro-1,2-difluoroethane
1,1,2,2-Tetrachloroethane
Tetrachloroethylene
Tetrachloromethane
Tetrachloronaphthalene
Tetraethyl lead
Tetrahydrofuran
Tetramethyl lead
Tetramethyl succinonitrile

Propylene imine
Propylene oxide
Propyne
Pyrethrum
Pyridine
Quinone
RDX
Rhodium
Ronnel
Rotenone
Selenium compounds
Selenium hexafluoride
Silica, amorphous
Trichloroethylene
Trichloromethane
Trichloronaphthalene
1,2,3-Trichloropropane
1,1,2-Trichloro-1,2,2-trifluoroethane
Triethylamine
Trifluorobromomethane
2,4,6-Trinitrophenol
2,4,6-Trinitrophenylmethylnitramine
2,4,6-Trinitrotoluene (TNT)
Triorthocresyl phosphate
Triphenyl phosphate
Turpentine
Uranium
Vanadium
Vinyl benzene
Vinyl chloride
Vinyl cyanide
Vinyl toluene
Warfarin
Xylenes (o-, m-, p-isomers)
Xylidine
Yttrium
Zinc chloride fume
Zinc oxide fume
Zinc oxide
Zinc stearate
Zirconium compounds
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Tetranitromethane
Tetryl (2,4,6-Trinitrophenylmethylnitramine).
Thallium
4,4'-Thiobis
Thiram
Tin
Titanium dioxide
Toluene
Toluene-2,4-diisocyanate (TDI)
o-Toluidine
Toxaphene
Tremolite
Tributyl phosphate
1,1,1-Trichloroethane
1,1,2-Trichloroethane
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Appendix E:
Select Carcinogen List
Chemical
A-alpha-C (2-Amino-9H-pyrido[2,3-b]indole)
Acetaldehyde
Acetamide
Acetochlor
2-Acetylaminofluorene
Acifluorfen
Acrylamide
Acrylonitrile
Actinomycin D
Adriamycin (Doxorubicin hydrochloride)
AF-2;[2-(2-furyl)-3-(5-nitro-2-furyl)]acrylamide
Aflatoxins
Alachlor
Alcoholic beverages, when associated with alcohol abuse
Aldrin
Allyl chloride
Aluminum products
2-Aminoanthraquinone
p-Aminoazobenzene
ortho-Aminoazotoluene
4-Aminobiphenyl (4-aminodiphenyl)
3-Amino-9-ethylcarbazole hydrochloride
1-Amino-2-methylanthraquinone
2-Amino-5-(5-nitro-2-furyl)-1,3,4-thiadiazole
Amitrole
Analgesic mixtures containing phenacetin
Androgenic (anabolic) steroids
Aniline
ortho-Anisidine
ortho-Anisidine hydrochloride
Antimony oxide (antimony trioxide)
Aramite
Arsenic (inorganic arsenic compounds)
Asbestos
Auramine
Azaserine
Azathioprine
Azacitidine
Azobenzene

CAS
Number
26148-68-5
75-07-0
60-35-5
34256-82-1
53-96-3
62476-59-9
79-06-1
107-13-1
50-7-60
23214-92-8
3688-53-7
1402-68-2
15972-60-8
n/a
309-00-2
107-05-1
n/a
117-79-3
60-09-3
97-56-3
92-67-1
6109-97-3
82-28-0
712-68-5
61-82-5
n/a
n/a
62-53-3
90-04-0
134-29-2
1309-64-4
140-57-8
various
1332-21-4
492-80-8
115-02-6
446-86-6
320-67-2
103-33-3

Benz[a]anthracene
Benzene
Benzidine [and its salts]
Benzidine-based dyes

56-55-3
71-43-2
92-87-5
various
105
The official version of this document will only be maintained online.

Benzo[b]fluoranthene
Benzo[j]fluoranthene
Benzo[k]fluoranthene
Benzofuran
Benzo[a]pyrene
Benzotrichloride
Benzyl chloride
Benzyl violet 4B
Beryllium and beryllium compounds
Betel quid with tobacco
Bis(2-chloroethyl)ether
N,N-Bis(2-chloroethyl)-2- naphthylamine (Chlornapazine)
Bischloroethyl nitrosourea (BCNU) (Carmustine)
Bis(chloromethyl)ether
Bitumens, extracts of steam-refined and air refined
Bleomycins
Bracken fern
Bromodichloromethane
Bromoform
1,3-Butadiene
1,4-Butanediol dimethanesulfonate (Busulfan)
Butylated hydroxyanisole (BHA)
beta-Butyrolactone

205-99-2
205-82-3
207-08-9
271-89-6
50-32-8
98-07-7
100-44-7
1694-09-3
various
n/a
111-44-4
494-03-1
154-93-8
542-88-1
various
various
n/a
75-27-4
75-25-2
106-99-0
55-98-1
25013-16-5
3068-88-0

Cadmium and cadmium compounds
Caffeic acid
Captafol
Captan
Carbon tetrachloride
Carbon-black extracts
Carrageenan, degraded
Ceramic fibers (airborne particles of respirable size)
Certain combined chemotherapy drugs for lymphomas
Chlorambucil
Chloramphenicol
Chlordane
Chlordecone (Kepone)
Chlordimeform
Chlorendic acid (approximately 60 percent chlorine by weight)
Chlorinated Parrafins (C12, 60% chlorine)

various
331-39-5
2425-06-1
133-06-2
56-23-5
n/a
n/a
n/a
n/a
305-03-3
56-75-7
57-74-9
143-50-0
6164-98-3
115-28-6
108171-262
various
106-47-8
124-48-1
75-00-3
13010-47-4
13909-09-6
67-66-3
107-30-2
563-47-3
95-83-0
95-69-2
various
various
1897-45-6

alpha-Chlorinated toluenes
p-Chloroaniline
Chlorodibromomethane
Chloroethane (ethyl chloride)
1-(2-Chloroethyl)-3-cyclohexyl-1-nitrosourea (CCNU) (Lomustine)
1-(2-Chloroethyl)-3-(4-methylcyclohexyl)-1-nitrosourea (Methyl-CCNU)
Chloroform
Chloromethyl methyl ether (technical grade)
3-Chloro-2-methylpropene
4-Chloro-ortho-phenylenediamine
p-Chloro-o-toluidine
Chlorophenols
Chlorophenoxy herbicides
Chlorothalonil
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Chlorozotocin
Chromium (hexavalent compounds)
Chrysene
C. I. Acid Red 114
C. I. Basic Red 9 monohydrochloride
Ciclosporin (Cyclosporin A; Cyclosporine)
Cinnamyl anthranilate
Cisplatin
Citrus Red No. 2
Coal gasification
Coal-tar pitches
Coal-tars
Cobalt metal powder
Cobalt [II] oxide
Coke Production oven emissions
Conjugated estrogens
Creosotes
para-Cresidine
Cupferron
Cycasin
Cyclophosphamide (anhydrous)
Cyclophosphamide (hydrated)

54749-90-5
various
218-01-9
6459-94-5
569-61-9
59865-13-3
87-29-6
15663-27-1
6358-53-8
n/a
n/a
n/a
7440-48-4
1307-96-6
n/a
n/a
n/a
120-71-8
135-20-6
14901-08-7
50-18-0
6055-19-2

D&C Orange No. 17
D&C Red No. 8
D&C Red No. 9
D&C Red No. 19
Dacarbazine
Daminozide
Dantron (Chrysazin; 1,8-Dihydroxyanthraquinone)
Daunomycin
DDD (Dichlorodiphenyldichloroethane)
DDE (Dichlorodiphenyldichloroethylene)
DDT (Dichlorodiphenyltrichloroethane)
DDVP (Dichlorvos)
N,N'-Diacetylbenzidine
2,4-Diaminoanisole
2,4-Diaminoanisole sulfate
4,4'-Diaminodiphenyl ether (4,4'-Oxydianiline)
2,4-Diaminotoluene
Diaminotoluene (mixed)
Dibenz[a,h]acridine
Dibenz[a,j]acridine
Dibenz[a,h]anthracene
7H-Dibenzo[c,g]carbazole
Dibenzo[a,e]pyrene
Dibenzo[a,h]pyrene
Dibenzo[a,i]pyrene
Dibenzo[a,l]pyrene
1,2-Dibromo-3-chloropropane (DBCP)
1,2-Dibromoethane
2,3-Dibromo-1-propanol
p-Dichlorobenzene
3,3'-Dichlorobenzidine
3,3'-Dichlorobenzidine 2HCl

3468-63-1
2092-56-0
5160-02-1
81-88-9
4342-03-4
1596-84-5
117-10-2
20830-8-13
72-5-48
72-55-9
50-29-3
62-73-7
613-35-4
615-05-4
39156-41-7
101-80-4
95-80-7
n/a
226-36-8
224-42-0
53-70-3
194-59-2
192-65-4
189-64-0
189-55-9
191-30-0
96-12-8
106-93-4
96-13-9
106-46-7
91-9-41
612-83-9
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1,4-Dichloro-2-butene
3,3'-Dichloro-4,4'-diaminodiphenyl ether
1,1-Dichloroethane
1,2-Dichloroethane
Dichloromethane (Methylene chloride)
1,2-Dichloropropane
1,3-Dichloropropene (technical grade)
Dieldrin
Dienestrol
Diepoxybutane
Diesel engine exhaust
Di(2-ethylhexyl)phthalate
1,2-Diethylhydrazine
Diethyl sulfate
Diethylstilbestrol
Diglycidyl resorcinol ether (DGRE)
Dihydrosafrole
Diisopropyl sulfate
3,3'-Dimethoxybenzidine (ortho-Dianisidine)
3,3'-Dimethoxybenzidine dihydrochloride (ortho-dianisidine dihydrochloride)
para-Dimethylaminoazobenzene
4-Dimethylaminoazobenzene
trans-2-[(Dimethylamino)methylimino]-5-[2-(5-nitro-2-furyl)vinyl]-1,3,4- oxadiazole
7,12-Dimethylbenz(a)anthracene
3,3'-Dimethylbenzidine (ortho-Tolidine)
3,3'-Dimethylbenzidine dihydrochloride
Dimethylcarbamoyl chloride
1,1-Dimethylhydrazine (UDMH)
1,2-Dimethylhydrazine
Dimethyl sulfate
Dimethylvinyl Chloride
1,6-Dinitropyrene
1,8-Dinitropyrene
2,4-Dinitrotoluene
2,6-Dinitrotoluene
1,4-Dioxane
Diphenylhydantoin (Phenytoin)
Diphenylhydantoin (Phenytoin), sodium salt
Direct Black 38 (technical grade)
Direct Blue 6 (technical grade)
Direct Brown 95 (technical grade)
Disperse Blue 1

764-41-0
28434-86-8
75-34-3
107-06-2
75-09-2
78-87-5
542-75-6
60-57-1
84-17-3
1464-53-5
n/a
117-81-7
1615-80-1
64-67-5
56-53-1
101-90-6
94-58-6
2973-10-6
119-90-4
20325-40-0
60-11-7
60-11-7
55738-54-0
57-97-6
119-93-7
612-82-8
79-44-7
57-14-7
540-73-8
77-78-1
513-37-1
42397-64-8
42397-65-9
121-14-2
606-20-2
123-91-1
57-41-0
630-93-3
1937-37-7
2602-46-2
16071-86-6
2475-45-8

Epichlorohydrin
Erionite
Estradiol 17B
Estrone
Ethinylestradiol
Ethyl acrylate
Ethyl methanesulfonate
Ethyl-4,4'-dichlorobenzilate
Ethylene dibromide
Ethylene dichloride (1,2-Dichloroethane)
N-Ethyl-N-nitrosourea
Ethylene oxide

106-89-8
12510-42-8
50-28-2
53-16-7
57-63-6
140-88-5
62-50-0
510-15-6
106-93-4
107-06-2
759-73-9
75-21-8
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Ethylene thiourea
Ethyleneimine

96-45-7
151-56-4

Folpet
Formaldehyde (gas or aqueous solution)
2-(2-Formylhydrazino)-4-(5-nitro-2-furyl) thiazole
Furan
Furazolidone
Furmecyclox
Fusarin C

133-07-3
50-00-0
3570-75-0
110-00-9
67-45-8
60568-05-0
79748815

Gasoline engine exhaust (condensates/extracts)
Glasswool fibers (airborne particles of respirable size)
Glu-P-1 (2-Amino-6-methyldipyrido[1,2- a:3', 2'-d]imidazole)
Glu-P-2 (2-Aminodipyrido[1,2-a:3',2'-d]imidazole)
Glycidaldehyde
Glycidol
Griseofulvin
Gyromitrin (Acetaldehyde methylformylhydrazone)

n/a
n/a
67730-11-4
67730-10-3
765-34-4
556-52-5
126-07-8
16568-02-8

HC Blue 1
Heptachlor
Heptachlor epoxide
Hexachlorobenzene
Hexachlorocyclohexanes (technical grade)
Hexachlorodibenzodioxin
Hexachloroethane
Hexamethylphosphoramide
Hydrazine
Hydrazine sulfate
Hydrazobenzene (1,2-Diphenylhydrazine)

2784-94-3
76-44-8
1024-57-3
118-74-1
various
34465-46-8
67-72-1
680-31-9
302-01-2
10034-93-2
122-66-7

Indeno [1,2,3-cd]pyrene
IQ (2-Amino-3-methylimidazo[4,5-f]quinoline)
Iron dextran complex
Isosafrole

193-39-5
76180-96-6
9004-66-4
120-58-1

Kepone (Chlordecone)

143-50-0

Lactofen
Lasiocarpine
Lead acetate
Lead and lead compounds
Lead phosphate
Lindane and other hexachlorocyclohexane isomers

77501-63-4
303-34-4
301-04-2
various
7446-27-7
various

Mancozeb
Maneb
Me-A-alpha-C (2-Amino-3-methyl-9H-pyrido[2, 3-b]indole)
Medroxyprogesterone acetate
MeIQ(2-Amino-3,4-dimethylimidazo[4,5-f]quinoline)
MeIQx(2-Amino-3,8-dimethylimidazo[4,5-f]quinoxaline)
Melphalan
Merphalan
Mestranol

8018-01-7
12427-38-2
68006-83-7
71-58-9
7094112
7500-04-0
148-82-3
531-76-0
72-33-3
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Methoxsalen with ultraviolet A therapy
8-Methoxypsoralen with ultraviolet A therapy
5-Methoxypsoralen with ultraviolet A therapy
2-Methylaziridine (Propyleneimine)
Methylazoxymethanol
Methylazoxymethanol acetate
3-Methylcholanthrene
5-Methylchrysene
4,4'-Methylene bis(2-chloroaniline) (MOCA)
4,4'-Methylene bis(N,N-dimethyl)benzenamine
4,4'-Methylene bis(2-methylaniline)
4,4'-Methylenedianiline
4,4'-Methylenedianiline dihydrochloride
Methylhydrazine and its salts
Methyl chloromethyl ether
Methyl-CCNU
Methyl iodide
Methyl methanesulfonate
2-Methyl-1-nitroanthraquinone (of uncertain purity)
N-Methyl-N'-nitro-N-nitrosoguanidine (MNNG)
N-Methyl-N-nitrosourea
N-Methylolacrylamide
Methylthiouracil
Metiram
Metronidazole
Michler's ketone
Mineral Oils, untreated and mildly treated
Mirex
Mitomycin C
MOPP
Monocrotaline
5-(Morpholinomethyl)-3-[(5-nitro-fufurylidene)-amino]-2-oxazolidinone
Mustard gas

n/a
298-81-7
484-20-8
75-55-8
590-96-5
592-62-1
56-49-5
3697-24-3
101-14-4
101-61-1
838-88-0
101-77-9
13552-44-8
13552-44-8
107-30-2
13909-09-6
74-88-4
66-27-3
129-15-7
70-25-7

Nafenopin
1-Naphthylamine
2-Naphthylamine
3-Naphthylamine
Nickel and certain nickel compounds
Nickel carbonyl

3771-19-5
134-32-7
91-59-8

Nickel refinery dust, from the pyrometallurgical process
Nickel subsulfide
Niridazole
Nitrilotriacetic acid
Nitrilotriacetic acid, trisodium salt monohydrate
5-Nitroacenaphthene
5-Nitro-o-anisidine
o-Nitroanisole
4-Nitrobiphenyl
6-Nitrochrysene
Nitrofen (technical grade)
2-Nitrofluorene
Nitrofurazone
1-[(5-Nitrofurfurylidene)amino]-2-imidazollidinone
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924-42-5
56-04-2
9006-4222
443-48-1
90-94-8
n/a
2385-85-5
50-07-7
135-22-0
139-91-3
505-60-2

various
134633933
7440-02-0
12035-72-2
61-57-4
139-13-9
18662-53-8
602-87-9
99-59-2
91-23-6
92-93-3
7496-02-8
1836-755
607-57-8
59-87-0
555-84-0

1-[(5-Nitrofurfurylidene)-N-[4-(5-Nitro-2-furyl)-2 thiazolyl]acetamide
Nitrogen mustard (Mechlorethamine)
Nitrogen mustard hydrochloride (Mechlorethamine hydrochloride)
Nitrogen mustard N-oxide
Nitrogen mustard N-oxide hydrochloride
2-Nitropropane
4-Nitropyrene
N-Nitrosodi-n-butylamine
N-Nitrosodiethanolamine
N-Nitrosodiethylamine
N-Nitrosodimethylamine
p-Nitrosodiphenylamine
N-Nitrosodiphenylamine
N-Nitrosodi-n-propylamine
N-Nitroso-N-ethylurea
3-(N-Nitrosomethylamino)propionitrile
4-(N-Nitrosomethylamino)-1-(3-pyridyl)-1-butanone (NNK)
N-Nitrosomethylethylamine
N-Nitroso-N-methylurea
N-Nitroso-N-methylurethane
N-Nitrosomethylvinylamine
N-Nitrosomorpholine
N-Nitrosonornicotine
N-Nitrosopiperidine
N-Nitrosopyrrolidine
N-Nitrososarcosine
Norethisterone (Norethindrone)

531-82-8
51-75-2
55-86-7
126-85-2
302-70-5
79-46-9
57835-92-4
924-16-3
1116-54-7
55-18-5
62-75-9
156-10-5
86-30-6
621647
759-73-9
60153-49-3
64091-91-4
10595-95-6
684-93-5
615--532
4549-40-0
59-89-2
16543-55-8
100-75-4
930-55-2
13256-22-9
68-22-4

Ochratoxin A
Oestrogen replacement therapy
Oestrogen, nonstreoidal
Oestrogen, steroidal
Oil Orange SS
Oral contraceptives, combined
Oral contraceptives, sequential
4,4'-Oxydianiline
Oxadiazon
Oxymetholone
Oxazepam

303-47-9
n/a

Panfuran S
Pentachlorophenol
Phenacetin
Phenazopyridine hydrochloride
Phenesterin
Phenobarbital
Phenoxybenzamine
Phenoxybenzamine hydrochloride
Phenyl glycidyl ether
Phenylhydrazine and its salts
o-Phenylphenate, sodium
Phenytoin
PhiP(2-Amino-1-methyl-6-phenylimidazol[4,5-b]pyridine)

794-93-4
87-86-5
62-44-2
136-40-3
3546-10-9
50-06-6
59961
63-92-3
122-60-1
various
132-27-4
57-41-0
105650-235
various

Polybrominated biphenyls
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2646-17-5
n/a
n/a
101-80-4
19666-30-9
434-07-1
604-75-1

Polychlorinated biphenyls
Polychlorinated biphenyls (containing 60 or more percent chlorine by molecular
weight)
Polychlorinated dibenzo-p-dioxins
Polychlorinated dibenzofurans
Polycyclic aromatic hydrocarbons
Polygeenan
Ponceau MX
Ponceau 3R
Potassium bromate
Procarbazine
Procarbazine hydrochloride
Procymidone
Progesterone
Progestins
1,3-Propane sultone
Progargite
beta-Propiolactone
Propylene oxide
Propylthiouracil

various
various

Radionuclides
Radon
Reserpine
Residual (heavy) fuel oils

various
10043-92-2
50-55-5
n/a

Saccharin
Saccharin, sodium
Safrole
Selenium sulfide
Shale-oils
Silica, crystalline (airborne particles of respirable size)
Sodium ortho-phenylphenate
Soots, tars, and mineral oils (untreated and mildly treated oils and used engine
oils)
Sterigmatocystin
Streptozotocin
Styrene
Styrene oxide
Sulfallate

81-07-2
128-44-9
94-59-7
7446-34-6
68308-34-9
n/a

Talc containing asbestiform fibers
Terrazole
Testosterone and its esters
2,3,7,8-Tetrachlorodibenzo-para-dioxin (TCDD)
1,1,2,2-Tetrachloroethane
Tetrachloroethylene (Perchloroethylene)
p-a,a,a-Tetrachlorotoluene
Tetranitromethane
Thioacetamide
4,4'-Thiodianiline
Thiourea
Thorium dioxide
Tobacco, oral use of smokeless products
Tobacco smoke

n/a
2593-15-9
58-22-0
1746-01-6
79-34-5
127-18-4
5216-25-1
509-14-8
62-55-5
139-65-1
62-56-6
1314-20-1
n/a
n/a
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various
various
various
53973-98-1
3761-53-3
3564-09-8
7758-01-2
671-16-9
366-70-1
32809-16-8
57-83-0
various
1120-71-4
2312-35-8
57-57-8
75-56-9
51-52-5

n/a
10048-13-2
18883-66-4
100-42-5
96-09-3
95-06-7

Toluene diisocyanate
ortho-Toluidine
ortho-Toluidine hydrochloride
para-Toluidine
Toxaphene (Polychorinated camphenes)
Treosulfan (Tresoluphan)
Trichlormethine (Trimustine hydrochloride)
2,4,6-Trichlorophenol
1,2,3-Trichloropropane
Triphenyltin hydroxide
Trichloroethylene
Tris(aziridinyl)-para-benzoquinone (Triaziquone)
Tris(1-aziridinyl)phosphine sulfide (Thiotepa)
Tris(2-chloroethyl) phosphate
Tris(2,3-dibromopropyl)phosphate
Trp-P-1 (Tryptophan-P-1) (3-Amino-1,4-dimethyl-5H-pyrido[4,3-b]indole)
Trp-P-2 (Tryptophan-P-2) (3-Amino-1-methyl-5H-pyrido[4,3-b]indole)
Trypan blue (commercial grade)

26471-62-5
95-53-4
636-21-5
106-49-0
8001-35-2
299-75-2
817-09-4
88-06-2
96-18-4
76-87-9
79-01-6
68-76-8
52-24-4
115-96-8
126-72-7
62450-06-0
62450-07-1
72-57-1

Unleaded gasoline (wholly vaporized)
Uracil mustard
Urethane (Ethyl carbamate)

n/a
66-75-1
51-79-6

Vinyl bromide
Vinyl chloride
4-Vinyl-1-cyclohexene diepoxide (Vinyl cyclohexene dioxide)
Vinyl trichloride (1,1,2-Trichloroethane)

593-60-2
75-01-4
106-87-6
79-00-5

2,6-Xylidine (2,6-Dimethylaniline)

87-62-7

Zineb

12122-67-7

CHEMICALS KNOWN TO CAUSE REPRODUCTIVE TOXICITY

CAS
Number

Developmental Toxicity
Acetohydroxamic acid
Actinomycin D
All-trans retinoic acid
Alprazolam
Amikacin sulfate
Aminoglutethimide
Aminoglycosides
Aminopterin
Angiotensin converting enzyme (ACE) inhibitors
Anisindione
Aspirin (NOTE: It is especially important not to use aspirin during the last three
months of pregnancy, unless specifically directed to do so by a because it may
cause problems in the unborn child or complications during delivery.)

546-88-3
50-76-0
302-79-4
28981-97-7
39831-55-5
125-84-8
various
54-62-6
various
117-37-3
50-78-2

Barbiturates
Benomyl

various
17804-35-2
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Benzphetamine hydrochloride
Benzodiazepines
Bischloroethyl nitrosourea (BCNU) (Carmustine)
Bromoxynil
Butabarbital sodium
1,4-Butanediol dimethylsulfonate (Busulfan)

5411-22-3
various
1540-93-8
1689-84-5
143-81-7
55-98-1

Carbon disulfide
Carbon monoxide
Carboplatin
Chenodiol
Chlorcyclizine hydrochloride
Chlorambucil
Chlordecone (Kepone)
Chlordiazepoxide
Chlordiazepoxide hydrochloride
1-(2-Chloroethyl)-3-cyclohexyl-l-nitrosourea (CCNU) (Lomustine)
Clomiphene citrate
Clorazepate dipotassium
Cocaine
Colchicine
Conjugated estrogens
Cyanazine
Cycloheximide
Cyclophosphamide (anhydrous)
Cyclophosphamide (hydrated)
Cyhexatin
Cytarabine

75-15-0
630-08-0
41575-94-4
474-25-9
1620-21-9
305-03-3
143-50-0
58-25-3
438-41-5
13010-47-4
50-41-9
57109-90-7
50-36-2
64-86-8
n/a
21725-46-2
66-81-9
50-18-0
6055-19-2
13121-70-5
147-94-4

Danazol
Daunorubicin hydrochloride
Demeclocycline hydrochloride (internal use)
Diazepam
Dicumarol
Diethylstilbestrol (DES)
Dinocap
Dinoseb
Diphenylhydantoin (Phenytoin)
Doxycycline (internal use)
Doxycycline calcium (internal use)
Doxycycline hyclate (internal use)
Doxycycline monohydrate (internal use)

17230-88-5
23541-50-6
64-73-3
439-14-5
66-76-2
56-53-1
39300-45-3
88-85-7
57-41-0
564-25-0
94088-85-4
24390-14-5
17086-28-1

Ergotamine tartrate
Ethyl alcohol in alcoholic beverages
Ethylene glycol monoethyl ether
Ethylene glycol monomethyl ether
Ethylene glycol monoethyl ether acetate
Ethylene glycol monomethyl ether acetate
Ethylene thiourea
Etoposide
Etretinate

379-79-3
n/a
110-80-5
109-86-4
111-15-9
110-49-6
96-45-7
33419-42-0
54350-48-0

Fluorouracil
Fluoxymesterone

51-21-8
76-43-7
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Flurazepam hydrochloride
Flutamide

1172-18-5
13311-84-7

Halazepam
Hexachlorobenzene

23092-17-3
118-74-1

Ifosfamide
Iodine-131
Isotretinoin

3778-73-2
10043-66-0
4759-48-2

Lead
Lithium carbonate
Lithium citrate
Lorazepam
Lovastatin

7439-92-1
554-13-2
919-16-4
846-49-1
75330-75-5

Medroxyprogesterone acetate
Megestrol acetate
Melphalan
Menotropins
Meprobamate
Mercaptopurine
Mercury and mercury compounds
Methacycline hydrochloride
Methimazole
Methotrexate
Methotrexate sodium
Methyl bromide as a structural fumigant
Methyl mercury (dimethyl mercury)
Methyltestosterone
Midazolam hydrochloride
Minocycline hydrochloride (internal use)
Misoprostol
Mitoxantrone hydrochloride

71-58-9
595-33-5
148-82-3
9002-68-0
57-53-4
6112-76-1
various
3963-95-9
60-56-0
59-05-2
15475-56-6
74-83-9
593-74-8
58-18-4
59467-96-8
13614-98-7
59122-46-2
70476-82-3

Nafarelin acetate
Neomycin sulfate (internal use)
Netilmicin sulfate
Nicotine
Nitrogen mustard (Mechlorethamine)
Nitrogen mustard hydrochloride (Mechlorethamine hydrochloride)
Norethisterone (Norethindrone)
Norethisterone acetate (Norethindrone acetate)
Norethisterone (Norethindrone)/Ethinyl estradiol

Norgestrel

86220-42-0
1405-10-3
56391-57-2
54-11-5
51-75-2
55-86-7
68-22-4
51-98-9
68-224/57-63-6
68-224/72-33-3
6533-00-2

Oxazepam
Oxytetracycline (internal use)
Oxytetracycline hydrochloride(internal use)

604-75-1
79-57-2
2058-46-0

Paramethadione
Penicillamine

115-67-3
52-67-5

Norethisterone (Norethindrone)/Mestranol
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Pentobarbital sodium
Phenprocoumon
Pipobroman
Plicamycin
Polybrominated biphenyls
Polychlorinated biphenyls
Procarbazine hydrochloride
Propylthiouracil

63-98-9
435-97-2
54-91-1
18378-89-7
922-66-0
various
366-70-1
51-52-5

Retinol/retinyl esters, when in daily dosages in excess of 10,000 IU, or 3,000
retinol equivalents. (NOTE: Retinol/retinyl esters are required and essential for
maintenance of normal reproductive function. The recommended daily level
during pregnancy is 8,000 IU.)
Ribavirin

36791045

Secobarbital sodium
Streptomycin sulfate

309-43-3
3810-74-0

Tamoxifen citrate
Temazepam
Testosterone cypionate
Testosterone enanthate
2,3,7,8-Tetrachlorodibenzo-para-dioxin (TCDD)
Tetracyclines (internal use)
Tetracycline (internal use)
Tetracycline hydrochloride (internal use)
Thalidomide
Thioguanine
Tobacco smoke (primary)
Tobramycin sulfate
Triazolam
Trilostane
Trimethadione

54965-24-1
846-50-4
58-20-8
315-37-7
1746-01-6
various
60-54-8
64-75-5
50-35-1
154-42-7
n/a
108-88-3
28911-01-5
13647-35-3
127-48-0

Uracil mustard
Urethane
Urofollitropin

66-75-1
51-79-6
26995-91-5

Valproate (Valproic acid)
Vinblastine sulfate
Vincristine sulfate

99-66-1
143-67-9
2068-78-2

Warfarin

81-81-2

Female Reproductive Toxicity
Aminopterin
Anabolic steroids
Aspirin(NOTE: It is especially important not to use aspirin during the last three
months of pregnancy, unless specifically directed to do so by a physician because
it may cause problems in the unborn child or complications during delivery.)
Carbon disulfide
Cocaine
Cyclophosphamide (anhydrous)
Cyclophosphamide (hydrated)
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54-62-6
n/a
50-78-2
75-15-0
50-36-2
50-18-0
6055-19-2

Ethylene oxide
Lead
Tobacco smoke (primary)
Uracil mustard

75-21-8
n/a
66-75-1

Male Reproductive Toxicity
Anabolic steroids
Benomyl
Carbon disulfide
Colchicine
Cyclophosphamide (anhydrous)
1,2-Dibromo-3-chloropropane (DBCP)
m-Dinitrobenzene
o-Dinitrobenzene
p-Dinitrobenzene
Dinoseb
Ethylene glycol monoethyl ether
Ethylene glycol monomethyl ether
Ethylene glycol monoethyl ether acetate
Ethylene glycol monomethyl ether acetate
Hexamethylphosphoramide
Lead
Nitrofurantoin
Tobacco smoke (primary)
Uracil mustard
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n/a
17804-35-2
75-15-0
64-86-8
50-18-0
96-12-8
99-65-0
528-29-0
100-25-4
88-85-7
110-80-5
109-86-4
111-15-9
110-49-6
680-31-9
7439-92-1
67-20-9
n/a
66-75-1

Appendix F: Figures and Tables

Figure 2.2.1.4 – Hazard Pictograms

Table 1– GHS Hazard Classification System for Flammable Liquids
Category
Criteria
Pictogram Signal Word
Hazard Statement
1

Flash point < 23 °C
Boiling point < 35 °C

Danger

2

Flash point < 23 °C
Boiling point > 35 °C

Danger

Extremely
flammable liquid
and vapor
Highly flammable
liquid and vapor

3

Flash point > 23 °C and < 60
°C

Warning

Flammable liquid and
vapor

4

Flash point > 60 °C and < 93
°C

Warning

Combustible liquid

5

There is no Category 5 for flammable liquids
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Figure 2.4.3 – GHS Label Format (Example)
ACETONE
PRODUCT IDENTIFIER

Code:
Product Name:

SUPPLIER IDENTIFICATION
Company
Name:
Street
Address:
City:
State:
Postal
Code:
Phone
Number:
PRECAUTIONARY STATEMENTS
Keep away from heat, sparks, open
flames, hot surfaces – No smoking.
Avoid breathing dust, fumes, gas, mist,
vapors, and spray.
IF IN EYES: Rinse cautiously with water
for
several minutes. Remove contact
lenses, if present and easy to do.
Continue rinsing. Repeated
exposure may cause skin dryness
and cracking.
In Case of Fire: Use water spray,
alcohol- resistant foam, dry
chemical, or carbon dioxide.
First Aid: Move out of dangerous area.
Consult a physician. If inhaled, move
person to fresh air. If not breathing,
give artificial respiration. In case of
skin contact, wash with soap and
plenty of water. In case of eye contact,
rinse thoroughly with plenty of water
for at least 15 minutes. If swallowed,
do not induce vomiting. Never give
anything by mouth to an unconscious
person. Rinse mouth with water,
consult a physician.

HAZARD PICTOGRAMS

SIGNAL WORD
Danger
HAZARD STATEMENT
Highly flammable liquid and
vapor.
Causes mild skin
irritation. Causes
serious eye irritation.
May cause drowsiness or
dizziness.
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Figure 2.5.1 – United States DOT Hazard Rating System

DOT Class
1
Explosives

DOT Class
2
Compressed Gases

DOT Class
3
Flammable Liquids

DOT Class
4
Flammable Solids

DOT Class
5
Oxidizers

DOT Class
6
Poisons

DOT Class
7
Radioactive Materials

DOT Class
8
Corrosives

DOT Class
9
Miscellaneous
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Figure 6.4.1.1 – Chemical Fume Hood Sash Approved Working Height
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Figure 6.4.1.5– Alternative Labeling of Chemical Fume
Hood Reaction Vessels

Figure 6.5 – Biological Safety Cabinet
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Table 7.9.3: Chemical Compatibility Chart
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X

X

X

X
X
X

X

X
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X

X
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X

X
X

4

Table 6.7 – Fire Classifications System
Classification
Class A
Class B
Class C
Class D
Class K

Fire Type
Ordinary fire (wood and paper)
Flammable liquids and gases
Electric fire
Combustible metal fire
Kitchen fire

Figure 7.11.2– Flammable Storage Cabinet
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Figure 7.13.2 – Specific Hazards Storage Cabinets

Figure 2.4 – NFPA Hazard Rating System
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Figure 7.9 – Segregation Using Secondary Containment

Figure 7.18.1.7 – Gas Cylinder Cart
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Figure 7.13.5 – Laboratory Signage depicting specific hazards in lab

Figure 7.12.1.4 – Gas Cylinder Storage
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Table 4– Group C Chemicals
Acrylic acid

Styrene

Acrylonitrile

Tetrafluoroethylene

Butadiene

Vinyl acetate

Chloroprene

Vinyl acetylene

Chlorotrifluoroethylene

Vinyl chloride

Methyl methacrylate

Vinyl pyridine

Figure 13.3.1.9 – Buildup of pressure resulting in chemical spill
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