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THE LABORATORY STANDARD 
The Occupational Safety and Health Administration's  (OSHA) regulation for "Occupational Exposures to 
Hazardous Chemicals in Laboratories", 29CFR 1910.1450 requires that all facilities engaged in the laboratory use of 
hazardous chemicals develop and implement a written "Chemical Hygiene Plan" which sets forth procedures, 
equipment, personal protective equipment, work practices, and policies that when implemented and used properly 
will protect employees from the health hazards presented by hazardous chemicals used in their workplace. 
               
The following Information constitutes the basis for the written Chemical Hygiene Plan for all Clemson University 
laboratory employees who work in areas where hazardous chemicals are used. Laboratory supervisors must 
complete all segments where indicated for personnel, laboratory-specific information, policies, and procedures. It is 
impossible to design a set of rules that will cover all possible hazards and occurrences. The most important rule is 
that everyone involved in laboratory operations, from the highest administrative level to the individual worker, must 
be safety minded. Safety awareness can become part of everyone's habits only if the issue of safety is discussed 
repeatedly and only if senior and responsible faculty and staff evince a sincere and continuing interest in providing a 
safe and healthy work environment. 
 
Chemical hygiene is subject to development, advancement and change. Accordingly, this guide will be revised as 
necessary. 
 
Employees who work with hazardous chemicals in a laboratory must be informed of the location and availability of 
this plan. 
                                                 
The Occupational Safety and Health Administration (OSHA) requires that laboratory employees be made aware of 
the Chemical Hygiene Plan at their place of employment (29 CFR 1910.1450).  
 
After reading the "Clemson University Chemical Hygiene Plan and Hazardous Materials Safety Manual," please 
complete and return a copy of this form to your supervisor or to your departmental safety coordinator/contact. By 
signing below you acknowledge that you are aware of the policies and procedures set forth in the University 
Chemical Hygiene Plan. 
Your supervisor will provide additional information and specific training as appropriate. 
 
Please type or print legibly.  
 Name: _______________________________                       
 Work Phone:__________________________ 
 Staff or Student ID number: ______________________________________________ 
 Department: __________________________________________________________ 
 Job Title (if employee): __________________________________________ 
 Building: ______________________  Room: _______________________________ 
 (if student): ___________________________________ 
 Supervisor, instructor, or P.I. for your area: _____________________________ 
   
 
 Signature:  _____________________________________  Date:________________ 
 
Completed Chemical Hygiene Plan Awareness Certifications are to be filed in a central administrative location 
within the staff member’s department. A list of names and ID numbers with signatures may be attached to or 
inserted after this page rather than filing individual names for employees/students under the supervision of one 
faculty member. These and all 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 a EHS staff member, and to be retrieved for a 
single staff member or for an entire work group (identified by supervisor).  
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 CHEMICAL HYGIENE PLAN 
 
Section 
 
I.  Personnel Designations 
 

A.        Specific Personnel Responsibilities 
B.        Chemical Hygiene Officer Responsibilities 
 

II.  Approval of Laboratory Procedures 
 

A.  Chemical Hazards Subcommittee 
B.  Biohazards Subcommittee 
C.  Recombinant DNA Subcommitee 
 

III. Standard Operating Procedures 
 

A. General Requirements 
1.  Safe Work Practices With Chemicals 
2.  Safe Work Practices With Laboratory Equipment 
3. The Laboratory Facility 
4. Chemical Procurement, Distribution, and Storage 
5. Housekeeping, Maintenance, and Inspections 
6. Protective Apparel and Equipment 
7. Records 
8. Signs and Labels 
9. Spills and Other Laboratory Incidents 
10. Waste Disposal Program 
11. Project Review 
12. Synthesized Substances 

B.  Laboratory Specific Operating Procedures 
 
IV. Ventilation Equipment Performance 
 

A. General Requirements 
1. Chemical Fume Hoods 
2.   Types of Fume Hoods 
3.   Special Purpose Fume Hoods 
4.   Other Ventilation Devices 
5.   Special Ventilation Areas 

B.  Specific Criteria 
 
V.  Standards for Handling Compressed Gas Cylinders 
 

A.  Introduction 
B.  General Standards 
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C.  Restricted Products 
D.  Flammable Gases 
E.  Acceptance of Cylinders From Vendors 
F.  Handling and Storage of Cylinders 
G.  Pressure Regulators and Needle Valves 
H.  Leak Testing 
I.  Empty Cylinders 
J.   Hydrostatic Testing 
K.          Lecture Bottles 
L.          Acetylene 
M.          Cryogens 
N.          Compressed Air 
 

VI. Reduction of Employee Exposure 
 

A.  General Requirements 
1.  Employee Exposure Determination 
2.         Chemical Spill or Leak 
3.        Odor Detection 
4.          Signs and Symptoms of Overexposure 

 
B. Specific Criteria 
 

VII. Medical Consultations and Examinations 
 

A. General Requirements 
B. Medical Programs 
C. Specific Medical Requirements 
 

VIII. Particularly Hazardous Substances 
 

A. Routes of Exposure 
 
B. Handling Procedures for Various Substances 

 
C.  Laboratory Specific Operating Procedures 

 
IX. Employee Information and Training 
 

A. General Requirements 
1. Information  
2. Training  

B.  Specific Training Required for Employees 
 
X.  Acronyms, Definitions, and Common Terms Used in Material Safety  Data Sheets  
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Personnel Designations 
 
The University Chemical Hygiene Program is overseen by the University’s Chemical Hygiene 
Officer (CHO) who reports to the Director of Environmental Health and Safety (EHS). 
 
A. Personnel Responsibilities 
 

1. Clemson University President: Ultimately responsible for chemical hygiene within 
the institution and must, with other administrators, provide continuing support for 
institutional chemical hygiene and other safety related compliance. 

 
2. Department Heads or their designees responsibilities include: 

a. Working with the Chemical Hygiene Officer, administrators, and other 
employees to develop and implement appropriate chemical hygiene policies 
and practices 

b. Monitoring procurement, use, and disposal (including recycling) of chemicals 
used in the lab 

c. Seeing that appropriate audits are maintained 
d. Helping project directors develop precautions and provide adequate facilities 
e. Knowing the current legal requirements for regulated substances 
f. Seeking ways to improve the chemical hygiene program 
g. Maintain discipline and enforce rules 

 
3. Principal Investigator or Laboratory Supervisor responsibilities include: 

a. Ensuring that workers know and follow the chemical hygiene rules. 
b. Providing regular, formal chemical hygiene and housekeeping inspections 

including routine inspections of emergency equipment. 
c. Knowing the current legal requirements concerning regulated substances. 
d. Determining the required levels of protective apparel and equipment; ensuring 

that protective equipment is available and in working order; ensuring that 
appropriate training has been provided; and ensuring that employees are using 
personal protective equipment when required. 

e. Require that visitors to the laboratory follow the same rules as other 
laboratory workers and are escorted and supervised at all times. 

f. Ensure that faculty, students, and staff have access to, understand, and are able 
to comply with the information on the appropriate MSDSs. 

g. Carefully review all procedures for possible health, safety, and environmental 
problems before the work is begun.  

h. Ensure that facilities, equipment, and training for use of any material being 
ordered are adequate before the material is ordered. 

i. Observing the rules and recommendations outlined in the Chemical Hygiene 
Plan. 

j. Wearing protective equipment where required. 
k. Maintain discipline and enforce rules. 
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4. Laboratory Workers are responsible for: 
 

a. Planning and conducting each operation in accordance with the institutional 
chemical hygiene procedures. 

b. Following prescribed safety practices and University policies and procedures. 
c. Developing good personal chemical hygiene habits. 
d. Know the location of and how to use the emergency equipment in your area, 

as well as how to obtain additional help in an emergency, and be familiar with 
emergency procedures. 

 
 
 
B. Chemical Hygiene Officer Responsibilities  
 

1. Work with administrators and other employees to develop and implement appropriate 
chemical hygiene policies and practices. 

2. Conduct inspections of laboratories where hazardous materials are used. 
3. Help departments develop Standard Operating Procedures for the hazardous 

operations. 
4. Seek ways of improving the Chemical Hygiene Plan. 
5. Update and revise the Chemical Hygiene Plan annually. 
6. Perform random safety reviews. 
7. Develop and maintain a Chemical Hygiene training program. 
8. Review the Chemical Hygiene training program, and make changes as needed. 
9. Maintain knowledge of the current legal requirements concerning regulated 

substances by attending annual training conferences/courses and reading/reviewing 
necessary publications.  

 
 



 
 

8 
 

Institutional Biosafety Committee (IBC) 
 
Overview: 
Clemson University aims to provide a safe and healthy work environment for faculty, staff, students and visitors. 
The intent is to minimize, to the extent practicable, all recognizable hazards and to comply with all federal and State 
laws and regulations.  
 
 
The Office of Research Compliance (ORC) provides support and training for faculty, staff, and students in 
regulatory requirements for research and teaching activities involving vertebrate animals, research involving the use 
of human subjects, and research involving the use of recombinant DNA and hazardous agents.  The ORC is 
responsible for the development and implementation of University policies and for coordinating institutional 
compliance with federal and state law-regulations.  The ORC supports the university community in promoting the 
responsible conduct of research.  Information about the ORC can be accessed at:   
http://www.clemson.edu/research/orcSite/indexComply.htm 
 
 
The Institutional Biosafety Committee (IBC) is responsible for reviewing all research that involves the use of 
recombinant DNA, biological hazards (including human blood, tissue, infectious agents, cell lines and select agents) 
and chemical hazards (that are highly toxic, mutagenic, teratogenic, carcinogenic, explosive or on the Schedule I and 
II drugs) and ensuring that the proposed activities comply with the federal regulations governing them. The role of 
the committee is to ensure the safety of personnel working with these materials and that laboratory practices 
conform to federal and state regulations. Recombinant DNA being considered in this context is defined as work with 
those molecules which are constructed outside living cells by joining natural or synthetic DNA segments to DNA 
molecules that can replicate in a living cell or which result from the replication of those described above. 
 
All research activities as described above, regardless of source of funding, must be reviewed by the IBC. The IBC 
has the responsibility and authority to review, approve, disapprove, or require changes in research activities.  The 
IBC holds meetings as needed to review protocols. This is usually on a monthly basis.  Clemson University’s IBC is 
registered with the National Institutes of Health’s Office of Biotechnology Activities (OBA). The IBC works closely 
with Clemson University’s Department of Environmental Health and Safety.  Research activities may also involve 
the use of animals or humans.  In these instances, research applications also need to be reviewed and approved by 
respective research compliance committees. 
 
The basis of compliance for the IBC is determined by the “NIH-Guidelines for Research Involving Recombinant 
DNA Molecules” (April 2002).  The NIH Guidelines state that the Institutional Biosafety Committee’s (IBC) 
responsibilities need not be restricted to recombinant DNA research.  Clemson University, at the present time, has 
elected to expand the scope of the IBC to include the review of hazardous biological and hazardous chemical agents.   
 
Information about the IBC, its regulations and policies, and steps in getting started can be accessed at:  
http://www.clemson.edu/research/orcSite/indexComply.htm 
 
Current IBC forms can be obtained at: http://www.clemson.edu/research/orcSite/orcIBC_Forms.htm 
 
RECOMBINANT DNA: 
The Clemson University IBC reviews and oversees projects that deal with recombinant DNA technologies.  
Clemson University’s IBC is made up of faculty, staff, and community members, for the review of protocols and 
compliance in recombinant DNA matters.  While the most scrutinized protocols are those dealing with human gene 
therapy or the environmental release of genetically engineered organisms, all protocols including those using only 
laboratory contained experiments are closely examined.  CU has a policy of requiring that all investigators file a 
protocol when using recombinant DNA molecules or  
 
organisms, although certain types of experiments will qualify as "Exempt". The determination of “exempt from 
review of the Full IBC Committee” is made by the IBC and not the investigator.  This process guarantees our 
compliance with Federal regulations, and allows us to assure the public that we are safeguarding the public interest. 
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If you work with recombinant DNA, (see Section I-B of the NIH Guidelines: Definition of Recombinant DNA 
Molecules, NIH-Guidelines for Research Involving Recombinant DNA Molecules” (April 2002), a component of the 
protocol form will require you to identify the section(s) and appendices of the NIH Guidelines appropriate for your 
experiments.  A copy of the Guidelines for Research Involving Recombinant DNA Molecules is available on the 
Internet at http://www.nih.gov/od/oba/ or on the IBC website. 
 
If you plan at any time to introduce genetically engineered organisms into the environment, additional information 
must be filed.  For this component, you will need to complete Steps 1-4 in Part D of the protocol.  You also will 
need to reference the USDA publication entitled Guidelines for Research Involving Planned Introduction into the 
Environment of Genetically Modified Organisms (December 3-4, 1991 or the most current version.  This guide is 
located at http://www.aphis.usda.gov/brs/pdf/abrac%201991.pdf   
Non-exempt recombinant DNA work will require Full Committee Review.   
 
The following is a description of biological and hazardous chemicals that are reviewed by the IBC. 
 
BIOLOGICAL HAZARDS:  
A biohazard is a potentially dangerous infectious or toxic agent or material (tissue, blood, etc.) that is suspected to 
contain an infectious agent or whose hazard status is unknown. For Clemson University’s purpose, a biohazard is 
any BSL2 agent or above, or human or animal blood, tissue, or waste specimen has the potential to harbor infections 
agents or whose biohazard status is unknown.  Human or non-human primate derived cell lines or similar are also 
considered biohazards (per OSHA definition). Infectious organisms include all agents (including prions) capable of 
causing disease in healthy humans or animals, whether these occur commonly in the environment or not. 

 The Center for Disease Control-NIH Biosafety in Microbiological and Biomedical Laboratories 
5th edition manual http://www.cdc.gov/od/ohs/biosfty/bmbl5/bmbl5toc.htm should be used in 
completing the Biohazards Protocol section. Before any lab work with biohazards can be initiated, 
it is a requirement that all “hands on” personnel be enrolled in the Medical Surveillance Program 
(MSP), take Bloodborne Pathogen Training in  the OSHA Standard  on an annual basis and be 
offered appropriate inoculations against any pathogen for any occupational health purposes.  If 
inoculations are not accepted, a waiver must be signed.  Regardless of the source, if using human 
(including human cell lines) or non-human primate tissue or body fluid(s), a protocol will be 
required. 

 
CHEMICAL HAZARDS: 
Currently, chemical hazards are not covered under the IBC. However, it is prudent to provide information to and 
seek advice from the Chemical Hygiene Officer for any chemical listed as highly toxic, carcinogenic (confirmed or 
suspected), mutagenic, teratogenic or explosive on its MSDS before beginning work with these types of chemicals.   
  
Highly toxic agent is defined as: 
1) A chemical that has a median lethal dose (LD50) of 50 milligrams or less per kilogram of body weight when 
administered orally to albino rats weighing between 200 and 300 grams each.  
2) A chemical that has a median lethal dose (LD50) of 200 milligrams or less per kilogram of body weight when 
administered by continuous contact for 24 hours (or less if death occurs within 24 hours) with the bare skin of albino 
rabbits weighing between two and three kilograms each.  
3) A chemical that has a median lethal concentration (LC50) in air of 200 parts per million by volume or  
 
less of gas or vapor, or 2 milligrams per liter or less of mist, fume, or dust, when administered by continuous 
inhalation for one hour (or less if death occurs within one hour) to albino rats weighing between 200 and 300 grams 
each. 
 
Explosive agent is defined as the use of an explosive material for its explosive property.  For work with explosive 
materials, contact Naomi Kelly at 864-656-7554 or nkelly@clemson.edu.  
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EHS also requires that individuals working with chemicals at Clemson University take Chemical Hygiene training 
(http://ehs.clemson.edu/taining/CHP/index.html)   and Hazardous Waste Management Training 
(http://ehs.clemson.edu/training/hazwaste/index.html). 
 
Nanomaterials:____________________________________________________ 
 
All work with nanomaterials must follow the guidelines outlined in the Clemson University 
Nanotech Management Manual found on our website (http://ehs.clemson.edu); click on 
Comprehensive Safety Manual. For information about ventilation enclosures for work with 
nanomaterials, contact Naomi Kelly 650-8155 or nkelly@clemson.edu   
 
 
RECOMBINANT DNA: 
By definition (Federal Register 51 (88) page 16959 I-D-2), the CU IBC reviews and oversees 
projects that deal with recombinant DNA (rDNA) technologies.  Clemson University must have 
such a committee made up of faculty, staff, and community members, for review of protocols 
and compliance in rDNA matters.  While the most scrutinized protocols are those dealing with 
the environmental release of genetically engineered organisms, all protocols including those 
using only laboratory contained experiments are closely examined.  CU has a policy of 
requesting that all investigators file a protocol when using rDNA molecules or organisms, 
although certain types of experiments will qualify as "Exempt". This process guarantees our 
compliance with Federal regulations and allows us to assure the public that we are safeguarding 
the public interest. 
 
If you work with recombinant DNA, (see Section I-B of the NIH Guidelines: Definition of 
Recombinant DNA Molecules), a component of the protocol form will require you to identify the 
section(s) and appendices of the NIH Guidelines appropriate for your experiments.  A copy of 
the Guidelines for Research Involving Recombinant DNA Molecules is available on the Internet 
at http://www.nih.gov/od/oba/.  A hard copy is available in the Office of Research Compliance.   
 
If you plan at any time to introduce genetically engineered organisms into the environment, 
additional information must be filed.  For this component, you will need to complete Steps 1-4 in 
Part D of the protocol.  You also will need to reference the USDA publication entitled 
Guidelines for Research Involving Planned Introduction into the Environment of Genetically 
Modified Organisms (December 3-4, 1991 or most current version). 
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Standard Operating Procedures 
 
The following standard operating procedures must be followed by all laboratory workers where 
laboratory work involves the use of hazardous chemicals. 
A. General Requirements 

1. Safe Work Practices With Chemicals 
 
a. Minimize all chemical exposures:  Because few laboratory chemicals are without hazards, 

general precautions for handling all laboratory chemicals should be adopted, along with 
specific guidelines for particular chemicals as needed. Skin contact with chemicals and 
inhalation of vapors should be avoided as a cardinal rule. 

 
b. Avoid underestimation of risk:  Even for substances of no known significant hazard, 

exposure should be minimized. For work with substances which present special hazards, 
special precautions should be taken. One should assume that any mixture will be more toxic 
than its most toxic component and that all substances of unknown toxicity are toxic. Refer to 
the Material Safety Data Sheet for specific information about a chemical or product 
containing hazardous chemicals.  (See Appendix A, Obtaining a Material Safety Data Sheet) 

 
c. Provide adequate ventilation:  The best way to prevent exposure to airborne substances is 

to prevent their  
       escape into the working atmosphere by use of chemical hoods or biosafety cabinets other   
       ventilation devices.   
       One should be familiar with the proper operation and use of a chemical hood. (See Section     
       IV -Ventilation) 
 
d. Institute a chemical hygiene program:  A mandatory chemical hygiene program designed 

to minimize exposures has been prepared. Its implementation should be a regular, continuing 
effort, not merely a standby or short-term activity. This program should be followed by all 
laboratory personnel including employees, guest researchers, students, and visitors. 

 
e. Material Safety Data Sheets:  Material Safety Data Sheets must be available for all 

hazardous chemicals. MSDSs must be readily accessible to all employees who are working 
with or who might be exposed to hazardous chemicals. Those employees must be informed 
of the location of MSDSs; understand how to use information on the MSDSs; and must be 
able to comply with the information on the appropriate MSDS. (See Appendix A) 

 
f. Observation of PELS, TLVs, or RELS:  Permissible Exposure Limits (PELS) of OSHA 

are exposure limits set by OSHA, and must not be exceeded. Threshold Limit Values (TLVS) 
of the American Conference of Governmental Industrial Hygienists, or Recommended 
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Exposure Limits (RELS) of the National Institute for Occupational Safety and Health) may 
also be used as guidelines in determining exposure levels. Even chemicals with high TLVs, 
PELs, or RELs should be used under chemical hoods whenever possible. PELs, TLVs and 
other exposure limits can be found on material safety data sheets. 

 
g. Accidents and spills:  (The following information applies to most chemical spills on a 

person. Some chemicals may have special first aid requirements. Consult the MSDS and 
other sources of information. For hydrofluoric acid, see Appendix G.  For additional 
information on spills, see Appendix D). 
• Eye Contact: Promptly flush eyes with water for a prolonged period (at least 15 minutes) 

and seek medical attention.  
• Ingestion:  Call 911 and report the nature of the chemical uptake. When reporting any 

accident or spill to the dispatcher please give the following information: your name, the 
location of the incident, and the nature and extent injury or symptoms. After calling 911, 
the Poison Control Center (1-800-922-1117) may be called for information on action that 
may be taken before the arrival of the EMS. 

• Skin Contact: Promptly flush the affected area with copious amounts of water and seek 
medical attention.  Remove any clothing that may have chemical contamination to 
prevent further exposure. 

• Clean-up : Promptly clean up spills when appropriate or Call 911 for assistance from the 
HazMat Team; notify others in the building and evacuate. (See Appendix D). 

• Employees involved in an accident or spill incident should immediately report the 
incident to their supervisor. If there is reason to believe that exposure has occurred during 
a chemical spill or release, the worker should promptly report to Redfern Health Center 
for medical consultation and possible evaluation based on the physician’s assessment. For 
injuries or exposures occurring after 4:30pm, employees should be taken to the Clemson 
Health Center on Highway 123 in Clemson or the emergency room at Oconee Memorial 
Hospital or Anderson Memorial Hospital. 

 
h. Avoidance of "routine" Exposure  

• Develop and encourage safe habits  
• Avoid unnecessary exposure to chemicals by any route.  
• Do not smell or taste chemicals.  
• Vent any apparatus which may discharge toxic chemicals (e.g., vacuum pumps, 

distillation columns) into direct exhaust devices.  
• Chemicals should be properly stored and used  in a safe manner to prevent exposure.  
• Do not allow release of toxic substances in cold rooms and warm rooms, since these 

have contained recirculated atmospheres. 
• Use a chemical hood whenever possible when working with any hazardous chemical. 
 

i. Choice of Chemicals:  Use only those chemicals for which the quality of the available 
ventilation system is appropriate. Also, consideration should be given to selection of 
chemicals used. Where choices and chemical substitutes can be made, always choose 
chemicals having the lowest level of toxicity. Replace mercury containing devices with non-
mercury equipment whenever possible.  
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j. Eating, Smoking, Etc.  
       Because of the potential increase in the risk of infection and exposure to personnel, it is 

necessary to prohibit smoking, eating, drinking, and storage of food in laboratories 
which handle infectious or toxic materials or radioisotopes. An area or areas which provide 
complete physical separation from these laboratories should be established for the storage 
and consumption of food and beverage. These areas should be prominently posted (e.g., 
AREA FOR STORAGE AND CONSUMPTION OF FOOD, NO CHEMICALS). No 
chemical or chemical equipment should be allowed in such areas. Laboratory refrigerators, 
ice chests, cold rooms, and such should be properly labeled (e.g., NO FOOD OR 
BEVERAGE STORED IN THIS…). Laboratory doors should be posted (DO NOT EAT, 
DRINK, OR SMOKE IN THIS AREA). 

• Do not eat, drink, chew gum, or apply cosmetics in areas where laboratory chemicals 
are present.   

• Always wash hands before conducting these activities.  
• Do not store or consume food or beverages in areas where chemicals are stored, 

handled, or used.   
• Glassware or utensils which are also used for laboratory operations must never be 

used with food or beverages. 
 
k. Equipment and Glassware:  Handle and store laboratory glassware with care to avoid 

damage; do not use damaged glassware. Use extra care with Dewar flasks and other 
evacuated or pressurized glass apparatus; shield or wrap them to contain chemicals and 
fragments should implosion occur. Use equipment only for its designed purpose. 

 
l. Personal Hygiene:  Thoroughly wash hands immediately after working with chemicals. 
 
m. Visitors:  No children under 16 years of age are allowed into any laboratory or animal 

holding area except with the special permission of the Director, Environmental Health and 
Safety, or the Director of the Research and Education Center. No pets are allowed in any 
University building. Whenever visitors are allowed into a laboratory, it is the responsibility 
of the laboratory supervisor to ensure that they are supervised at all times, and that they 
follow the same rules as laboratory employees. 

 
n. Avoid practical jokes or other behavior which might confuse, startle or distract another 

worker. 
 
o. Mouth pipetting:  Do not use mouth suction for pipetting or starting a siphon. 
 
p. Syringes and Scalpel Blades 
       Syringes used with hazardous agents shall have needle-locking or equivalent tips to assure 

that the needles cannot separate during use. All needles, syringes, scalpels, and other sharps 
should be placed into puncture-proof sharps disposal containers and disposed of as 
biohazardous waste through the Department of Environmental Health and Safety. 

       Contact the Hazardous Waste Manager at 656-1770 to obtain sharps containers. 
       Do not recap needles after use. 
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q. Housekeeping: Good housekeeping is essential in laboratories.  Keep the work area clean 
and uncluttered. Properly label and store chemicals and equipment; clean up the work area on 
completion of an operation or at the end of each day. 

 
r. Planning: Seek information and advice about hazards, plan appropriate protective 

procedures, and plan positioning of equipment before beginning any new operation. 
 
s. Unattended operations: It is recommended to leave no process/experiment unattended. If 

experiments must run while a researcher is not present, a sign containing information about 
the experiment and the name of the contact person for emergencies should be posted on the 
laboratory door. Lights should be left on and containment for toxic substances should be 
provided. In the event of a failure of a utility service such as cooling water or electricity to an 
unattended operation, provisions should be made in advance if a utility failure could result in 
a hazardous condition. Equipment such as power stirrers, hot plates, heating mantles, and 
water condensers should be equipped with fail-safe provisions such as flow monitors that 
will shut down equipment in case of water supply failure or fluctuation in water pressure, 
temperature monitors interlocked into the system, or fail-safe hose connectors. 

        Remember that at night, emergency personnel rely on accurate written instructions and 
information available at the site. 

 
t. Planning: Seek information and advice about hazards, plan appropriate protective 

procedures, and plan positioning of equipment before beginning any new operation. 
 
u. Vigilance: Be alert of unsafe conditions and see that they are corrected when detected. 
 
x. Working alone:  Avoid working alone in a building; do not work alone in a laboratory if the 

procedures being conducted involve hazardous materials. Always let someone know that you 
are working in the lab when working outside of normal CU working hours.  

 
y.  Transfer of chemicals into other containers: When transferring any hazardous substance 

into another container, you must ensure that the new container is compatible with the 
material being transferred before making the transfer. Never transfer any hazardous chemical 
into a container which was originally used to store food or food products. 

 
z.     Personal apparel  

• Confine long hair and loose clothing.  
• Suitable clothing shall be worn in the laboratory; shorts, short skirts and sandals/open 

shoes are not allowed. 
• Clothing may absorb liquid spills that would otherwise come in contact with your 

skin. Long sleeves and long pants should be worn. Shorts, short skirts, etc. are not 
allowed in laboratories.  

• Synthetic fabrics may increase the severity of injury in case of fire. Cotton is less 
prone to static electricity buildup than nylon or other synthetics.  

• Wear substantial leather shoes in the laboratory to protect against chemical splashes 
or broken glass. Sandals, cloth sport shoes, perforated shoes, open-toed shoes, or 
high-heeled shoes may not be worn in laboratories.  
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2.  Safe Practices with laboratory equipment 
 
a. Equipment maintenance:  Good equipment maintenance is important for safe, efficient 

operations. Equipment should be inspected and maintained regularly. Servicing schedules 
will depend on both the possibilities and the consequences of failure. Maintenance plans 
should include a procedure to ensure that a device that is out of service cannot be restarted. 

 
b. Guarding:  All mechanical equipment should be adequately furnished with guards that 

prevent access to electrical connections or moving parts (such as the belts and pulleys of a 
vacuum pump). Each laboratory worker should inspect equipment before using it to ensure 
that the guards are in place and functioning. 

 
c. Shielding:  Safety shielding should be used for any operation having the potential for 

explosion such as (a) whenever a reaction is attempted for the first time (small quantities of 
reactants should be used to minimize hazards); (b) whenever a familiar reaction is carried out 
on a larger than usual scale; (c) whenever operations are carried out under non-ambient 
conditions. Shields must be placed so that all personnel in the area are protected from the 
hazard. 

 
d. Glassware: Accidents involving glassware are a leading cause of laboratory injuries. 
 

• Borosilicate glassware is recommended for all laboratory glassware except for special 
experiments that use UV or other light sources. 

 
• Careful handling and storage procedures should be used to avoid damaging 

glassware. Damaged items should be discarded or repaired. 
 
• Adequate hand protection should be used when inserting glass tubing into rubber 

stoppers or corks or when placing rubber tubing on glass hose connections. Tubing 
should be fire polished or rounded and lubricated, and hands should be held close 
together to limit movement of glass should fracture occur. The use of plastic or metal 
connectors should be considered. 

 
• Glass-blowing operations should not be attempted unless proper annealing facilities 

are available. 
 
• Vacuum jacketed glass apparatus should be handled with extreme care to prevent 

implosions. Equipment such as Dewar flasks should be taped or shielded. Only 
glassware designed for vacuum work should be used for that purpose.  

 
• Hand protection should be used when picking up broken glass.  
 
• Proper instruction should be provided in the use of glass equipment designed for 

specialized tasks, which can represent unusual risks for the first-time user. (For 
example, separatory funnels containing volatile solvents can develop considerable 
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pressure during use.) 
 
e. Cold Traps and Cryogenic Hazards:  The primary hazard of cryogenic materials is their 

extreme coldness. These, and surfaces they cool, can cause severe burns if allowed to contact 
the skin. Gloves and a face shield should be used when preparing or using some cold baths. 
Neither liquid nitrogen nor liquid air should be used to cool a flammable mixture in the 
presence of air because oxygen can condense from the air, which can cause an explosion 
hazard. Cryogenic or loose, dry leather gloves must be used when handling dry ice, which 
should be added slowly to the liquid portion of the cooling bath to avoid foaming over. 
Workers should avoid lowering their head into a dry ice chest (carbon dioxide is heavier than 
air, and suffocation can result). 

 
f. Systems Under Pressure: Reactions should never be carried out in, nor heat applied to, an 

apparatus that is a closed system unless it is designed and tested to withstand pressure. 
Pressurized apparatus should have an appropriate relief device. If the reaction cannot be 
opened directly into the air, an inert gas purge and bubbler system should be used to avoid 
pressure buildup. Appropriate shielding must be provided whenever chemicals are heated or 
reactions are carried out in systems under pressure. 

 
g. Extractions and Distillations 
 
Extractions:  
       Extractions can present a hazard because of the potential buildup of pressure from a volatile 

solvent and an immiscible aqueous phase. Glass separatory funnels used in laboratory 
operations are particularly susceptible to problems because their stoppers or stopcocks can be 
forced out, resulting in a spill of the contained liquid. It is even possible for pressure to burst 
the vessel. 

 
       To use a separatory funnel correctly, do not attempt to extract a solution until it is cooler 

than the boiling point of the extractant. When a volatile solvent is used, the unstoppered 
separatory funnel should first be swirled to allow some solvent to vaporize and expel some 
air. Close the funnel and invert it with the stopper held in place and immediately open the 
stopcock to release more air plus vapor. Do this with the hand extended around the barrel to 
keep the stopcock plug securely seated. 

 
       Point the barrel of the separatory funnel away from yourself and others and vent it to the 

hood. Do not vent the funnel near a flame or other ignition source. Close the stopcock, shake 
with a swirl, and immediately open the stopcock with the funnel in the inverted position to 
vent the vapors again. If it is necessary to use a separatory funnel larger than one liter for an 
extraction with a volatile solvent, the force on the stopper may be too great, causing the 
stopper to be expelled. Consider performing the extraction in several smaller batches. 

 
Distillations: 
       Potential dangers arise from pressure buildup, commonly used flammable materials, and the 

use of heat to vaporize the chemicals involved. Careful design and construction of the 
distillations system is required to accomplish effective separation and avoid leaks that can 
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lead to fires or contamination of the work area. 
 
       It is necessary to ensure smooth boiling during the separation process and avoid bumping, 

which can blow apart the distillation apparatus. Stirring the distillation mixture is the best 
method to avoid bumping. Boiling stones are only effective for distillations at atmospheric 
pressure. Use fresh boiling stones when a liquid is boiled without stirring. Do not add boiling 
stones or any other material to a liquid that is near its boiling point, because this may cause it 
to boil over spontaneously. 

 
       An electric mantle heater, a ceramic cavity heater, steam coils, or a nonflammable liquid 

bath are the best to provide even heating. Silicone oil or another suitable high-boiling-
temperature oil can be used on a hot plate. Hot water or steam may also be used in some 
cases. An extra thermometer inserted at the center bottom of the distilling flask will warn of 
dangerously high temperatures that could indicate exothermic decomposition. Do not distill 
or evaporate organic compounds to dryness unless they are known to be free of peroxides. 

 
       Because superheating and bumping occur frequently during distillation using reduced 

pressure, it is important that the distillation assembly is secure and the heat distributed more 
evenly than is possible with a flame. Evacuate the assembly gradually to minimize the 
possibility of bumping. Stirring, or using an air or nitrogen bleed tube, provides good 
vaporization without overheating and decomposition. 

 
        Put a standing shield in place for protection in the event of implosion. After finishing a 

reduced-pressure distillation, cool the system, then slowly bleed in air so as not to induce an 
explosion in a hot system. Pure nitrogen is preferred to air and can be used even before 
cooling the system. 

 
       In a steam distillation, minimize the accumulation of condensate in the distillation flask. The 

heat of steam condensation is very high, and overfilling the flask is less likely if condensation 
from the entering steam line is trapped and the flask heated or insulated to prevent excessive 
condensation. 

 
h. Electrical Equipment:  Electrical currents of very low amperage and voltage may result in 

fatal shock under certain circumstances. Voltages as low as 24 volts AC can be dangerous 
and present a lethal threat. Low-voltage DC currents do not normally present a hazard to 
human life, although severe burns are possible. The duration of contact with a live circuit 
affects the degree of damage, especially with regard to burns. 

 
• All electrical switches shall be labeled, including circuit breakers in the service panels, 

and all laboratory personnel shall know where these controls are and how to shut off 
circuits or equipment in case of fire or other accident. Any electrical equipment that is not 
operating properly or seems to be overheating shall be turned off immediately and 
inspected by a qualified person.  

 
• Electrical equipment should be inspected periodically to confirm that the cords and plugs 

are safe condition. Circuit diagrams, operating instructions, descriptions of hazards, and 
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safety devices are usually provided by the manufacturer and should be kept on file for 
reference. 

 
• Only three-wire grounded, double insulated, or isolated wiring and equipment shall be 

used in 110V-115V AC applications. All wiring and equipment shall comply with the 
National Electrical Code. In specifically designated laboratories, cold rooms, or storage 
rooms or other locations where concentrations of flammable vapor-air mixtures are likely 
to occur, certified explosion-proof wiring and equipment, including light fixtures, 
switches, and refrigerators shall be used. If you have any questions with regard to the 
code, contact the Office of Environmental Health and Safety. 

 
• Series-wound motors with carbon brushes, typically found in household appliances such 

as blenders and mixers, are not spark-free and shall not be used in laboratories where 
flammable vapors accumulate. Equipment manufactured for use in laboratories generally 
contains induction motors. 

 
• Electrical extension cords should be avoided where practical by installing additional 

electrical outlets. When they are used, the wire gauge shall be equal to or larger than the 
size of the cord being plugged into them. Electrical cords on equipment shall be 
discarded or repaired if frayed or damaged. Cords should be kept as short as practical to 
avoid tripping hazards and tangles. 

 
• Place electrical equipment so as to minimize the possibility that water or chemicals could 

spill on it or that water could condense and enter the motor or controls. In particular, 
place such equipment away from safety showers. In cold rooms, minimize condensation 
by mounting electrical equipment on walls or vertical panels. 

 
• Electrical equipment shall be de-energized and tagged or locked out according to OSHA 

requirements before repairs are made. If adjustments or other contacts are to be made 
with energized electrical equipment, a second person shall be present. Be sure you are not 
on a damp surface or touching a potential grounding surface. Use insulated tools, keep 
your hands dry, and wear safety glasses to prevent injury from sparks. 

 
• If a worker receives an electrical shock and is in contact with the energized device, turn 

off the current if possible; or use nonconducting gloves or a nonconducting device to pull 
or push the victim free from the current source. Help victims only if you are certain that 
you will not endanger your own safety.  

 
i.        Static Electricity 

Static electricity in association with the use of flammable liquids presents a significant 
hazard in the laboratory. Static electricity is found wherever equipment is in operation, 
materials are processed, liquids are being poured, or personnel are moving about. Some 
common potential sources of electrostatic discharges are ungrounded metal tanks and 
containers; metal-based clamps, nipples, or wire used with nonconducting hoses; high-
pressure gas cylinders upon discharge; and clothing or containers made of plastic or 
synthetic materials. 
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• High voltages can be attained in a relatively short time span. 
• Hazard is greatest during wintertime when the air is dry, but often air conditioning 

can remove enough moisture for a hazard to exist during summer months. 
 
       Many methods can be used to ground static electricity, but because of existing conditions in 

some areas the use of these grounding devices may be impossible to implement. Thus, 
personnel become the source of static charge. If personnel are engaged in work that could be 
hazardous because of accidental discharge of static electricity and cannot use grounding 
devices on their person, the simplest way to assure grounding is to make a contact with a 
water pipe. The static charge will transfer to ground via the pipe.  

 
      Some commercially available devices for eliminating static electricity follow: 
 

• Humidifiers 
 
• Grounding straps : conductive strips or straps connected to machine belts, pulleys, 

and containers connected to the ground. 
 
• Conductive materials : conductive floor mats, bags, hose containers and container 

covers connected to the ground. 
 
• Personnel protection : shoe straps, wrist straps, aprons, gloves, and clothes, 

conductive items used in conjunction with other devices to assure grounding of 
personnel. 

 
i. Centrifuges 

If a tabletop centrifuge is used, make certain that it is securely anchored in a location 
where its vibration will not cause bottles or equipment to fall. Centrifuge rotors shall be 
balanced each time they are used. Securely anchor and shield each unit against flying 
rotors. Regularly clean rotors and buckets with noncorrosive cleaning solutions. 
Always close the centrifuge lid during operation, and do not leave the centrifuge until full 
operating speed is attained and the machine appears to be running safety without 
vibration. Stop the centrifuge immediately and check the load balances if vibration 
occurs. Check swing-out buckets for clearance and support. 
 

j. Vacuum Pumps 
If vacuum pumps are used with volatile substances, the input line to the pump shall be 
fitted with a cold trap to minimize the amount of volatiles that enter the pump and 
dissolve in the pump oil. The exhaust from evacuation of volatile, toxic, or corrosive 
materials shall be vented to an air exhaust system. 
 

k. Drying Ovens and Furnaces 
Electrically heated ovens are commonly used in the laboratory to remove water or other 
solvents from chemical samples and to dry laboratory glassware before its use. With the 
exception of vacuum drying ovens, these ovens rarely have any provision for preventing 



 
 

20 
 

the discharge of the substances volatilized in them into the laboratory atmosphere. Thus, 
it should be assumed that these substances will escape into the laboratory atmosphere and 
could also be present in concentrations sufficient to form explosive mixtures with the air 
inside the oven. 
Ovens should not be used to dry any chemical sample that has even moderate volatility 
and might pose a hazard because of acute or chronic toxicity unless special precautions 
have been taken to ensure continuous venting of the atmosphere inside the oven. Thus, 
most organic compounds should not be dried in a conventional laboratory oven. 
Glassware that has been rinsed with an organic solvent should not be dried in 
conventional ovens. If such rinsing is necessary, the item should be rinsed again with 
distilled water before being placed in the oven. 
Because of the possible formation of explosive mixtures by volatile substances and the 
air inside an oven, laboratory ovens should be constructed so that their heating elements 
(which may become extremely hot and their temperature controls (which may produce 
sparks) are physically separated from their interior atmospheres. Small household ovens 
and other similar devices do not meet this requirement and, consequently, should not be 
used in laboratories. Existing ovens that do not meet these requirements should have a 
sign attached to the oven door to warn workers that flammable materials should not be 
placed in that oven.  

 Mercury thermometers should not be used in drying ovens.  
 
l. Refrigerators 

The potential hazards posed by laboratory refrigerators are in many ways similar to those 
of laboratory drying ovens. Because there is almost never a satisfactory arrangement for 
continuously venting the interior atmosphere of a refrigerator, any vapors escaping from 
vessels placed in one will accumulate. Thus, the atmosphere in a refrigerator could 
contain an explosive mixture of air and the vapor of a flammable substance of a 
dangerously high concentration of the vapor of a toxic substance or both. (The problem 
of toxicity is aggravated by the practice of laboratory worker who place their faces inside 
the refrigerator while searching for a particular sample, thus ensuring the inhalation of 
some of the atmosphere from the refrigerator interior). The placement of highly toxic 
substances in a laboratory refrigerator should be avoided. 
There should be no potential sources of electrical sparks on the inside of a laboratory 
refrigerator. Refrigerators used for the storage of flammable liquids should be a 
refrigerator designed by the manufacturer for the storage of flammables. All refrigerators 
used in laboratories should preferably be “flammable” storage or, if necessary, 
“explosion-proof”. If, however, there are existing laboratory refrigerators which are used 
to store materials which do not fall into these categories, a prominent sign should be 
affixed to the refrigerator (e.g., NO FLAMMABLES TO BE STORED IN THIS 
REFRIGERATOR). 
Laboratory refrigerators should be placed against fire-resistant walls, have heavy-duty 
electrical cords, and preferably should be protected by their own circuit breaker. 
Uncapped containers of chemicals should never be placed in a refrigerator. Containers of 
chemicals should be capped so as to achieve a seal that is both vapor tight and unlikely to 
permit a spill if the container is tipped over. Caps constructed from aluminum foil, corks, 
corks wrapped with aluminum foil, glass stoppers, or parafilm do not meet all of these 
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criteria. The most satisfactory temporary seals are normally achieved by using containers 
that have screw-caps lined with either a conical polyethylene insert or a Teflon insert. 
The best containers for samples that are to be stored for longer periods of time are sealed, 
nitrogen-filled glass ampoules.  

 
m. Heating Devices 

Perhaps the most common electrical equipment found in a laboratory is the devices used 
to supply the heat needed to effect a reaction or a separation. The use of steam-heated 
devices rather than electrically heated devices is generally preferred whenever 
temperatures of 100C or less are required; these devices do not present shock or spark 
hazards. Electrically heated devices include hot plates, heating mantles and tapes, air 
baths, hot-tube furnaces, and hot-air guns. They are inherently much safer than burners as 
laboratory heat sources, however, such devices can still pose both electrical and fire 
hazards if used improperly.  
 
• The actual heating element in any laboratory heating device should be enclosed in a 

glass, ceramic, or insulated metal case such that it is not possible for the laboratory 
worker (or some metallic conductor) to accidentally touch the wire carrying the 
electric current. This practice minimizes the hazards of electrical shock and of 
accidentally producing an electrical spark near a flammable liquid or vapor. This 
type of construction also diminishes the possibility that a flammable liquid or vapor 
will come in contact with the hot wire (whose temperature is frequently higher than 
the ignition temperature of many common solvents). If any heating device becomes 
so worn or damaged that its heating element is exposed, the device should either be 
discarded or repaired to correct the damage before it is again used in the laboratory.  

 
• The temperature of many laboratory heating devices (e.g., heating mantels, air baths, 

and oil baths) is controlled by use of a variable autotransformer that supplies some 
fraction of the total line voltage (typically 110V) to the heating element of the 
device. If a variable transformer is improperly wired, the switch on it may or may not 
disconnect both wires of the output from the 110V line when in the off position. If a 
grounded three-prong plug is not used, each output line may be at a relatively high 
voltage (e.g., 110 and 110V) with respect to an electrical ground. Because of these 
possibilities, whenever a variable transformer whose wiring is not definitely known 
to be acceptable is used, it is best to assume that either of the output lines could be at 
a potential of 110V and capable of delivering a lethal electric shock.  

 
• The cases of all variable autotransformers have numerous openings to allow for 

ventilation and some sparking may occur whenever the voltage adjustment knob is 
turned; laboratory workers should be careful to locate these devices where water and 
other chemicals cannot be spilled on them and where their movable contacts will not 
be exposed to flammable liquids or vapors. Specifically, variable autotransformers 
should be mounted on walls or vertical panels and outside of hoods; they should not 
be placed on laboratory bench tops, especially those inside of hoods. 

 
• Whenever an electrical heating device is to be left unattended for a significant period 
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of time, it is advisable that it be equipped with a temperature-sensing device that will 
turn off the electric power if the temperature of the heating device exceeds some 
preset limit. Similar control devices are available that will turn off the electric power 
if the flow of cooling water through a condenser is unexpectedly stopped. Such fail-
safe devices, which can either be purchased or constructed by a qualified technician, 
prevent more serious problems (fires or explosions) that may arise if the temperature 
of an unattended reaction should increase significantly either because of a change in 
line voltage or because of accidental loss of reaction solvent. These devices are also 
valuable accessories for use with stills employed to purify reaction solvents because 
such stills are often left unattended for significant periods of time. 

 
n. Assembling Apparatus 

Operations that may generate airborne contaminants or that use flammable liquids 
or toxic, reactive, or odoriferous materials shall be conducted in a chemical fume 
hood or other appropriate containment enclosure. Whenever hazardous gases or 
fumes are likely to evolve, an appropriate trap, condenser, or scrubber shall be 
used to minimize release of material to the environment. 
Apparatus should be set up well back from the edge of the work area. When 
assembled in a hood, apparatus should not obstruct the area. To avoid overflow, 
choose apparatus with at least 20 percent more capacity than would normally 
accommodate the volume of chemical planned for the operation. All parts of the 
apparatus shall be firmly balanced and supported. Tubing shall be fastened with 
wire or appropriate clamps.  
Stirrer motors and vessels shall be positioned and secured to ensure proper 
alignment. Magnetic stirring is preferable, and nonsparking motors or air motors 
shall be used in any laboratory that might contain flammable vapors. 
Funnels and other apparatus with stopcocks shall be firmly supported and oriented 
so that gravity will not loosen the stopcock plug. Use a retainer on the stopcock 
plug, and lubricate glass stopcocks. Do not lubricate Teflon stopcocks. 
Include a vent in apparatus for chemicals that are to be heated, and place boiling 
stones in unstirred vessels. If a burner is to be used, distribute the heat with a 
ceramic-centered wire gauze. Insert a thermometer in heated liquids if dangerous 
exothermic decomposition is possible. This will provide a warning and may allow 
time to remove the heat and apply external cooling. 
A pan under a reaction vessel or container will confine spilled liquids in the event 
of glass breakage. 
If a hot plate is used, be sure that its temperature is less than the auto ignition 
temperature of the chemicals likely to be released and that the temperature control 
device does not spark. Whenever possible, use controlled electrical heaters or 
steam in place of gas or alcohol burners. 

 
3. The Laboratory Facility 

a.  Design:  The laboratory facility must have: 
 
1. An appropriate general ventilation system with air intakes and exhausts located so as 

to avoid re-entrainment of contaminated air. 
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2. Adequate, well-ventilated stockrooms/storerooms; and/or storage cabinets appropriate 

for chemicals being stored. 
 
3. Laboratory chemical and biosafety hoods as required for work being done. 
 
4. Other safety equipment including eyewash stations and emergency showers as 

required. 
 

5. Arrangements for proper disposal of regulated waste. (consult the University 
Hazardous Waste Management Manual or call EHS at 656-1770) 

 
b.  Maintenance: Chemical hygiene-related equipment (fume hoods, chemical spill kits, 

storage cabinets, etc.) should undergo continuing appraisal by laboratory supervisors 
and be modified or replaced if inadequate. 

 
c.  Usage. The work conducted and its scale must be appropriate to the physical facilities 

available and, especially, to the quality of ventilation. 
 

4. Chemical Procurement, Distribution, and Storage 
 

a. Procurement  
1. Avoid the purchase of unnecessary volumes of chemicals  
 
2. Before a substance is received, information on proper handling, storage, and disposal 

should be known to those who will be involved.  
 
3. No container should be accepted without an adequate identifying label.  
 
4. All substances should be received in a central location.  
 
5. If a Material Safety Data Sheet has been sent with the package, it should be 

distributed to the user. No hazardous chemical should be used unless the material 
safety data sheet is available to the user. 

 
6. If a material safety data sheet is needed, request one from the manufacturer or call the 

Office of Environmental Health and Safety at 656-7554 or fax the request to 656-
7630. (See Appendix A for forms) 

 
b.  Stockrooms/storerooms  
Where stockrooms and storerooms exist, these conditions apply: 
 

• Toxic substances should be segregated in a well identified area with local 
exhaust ventilation. 

• Stored chemicals should be inspection periodically (at least quarterly) for 
replacement, deterioration, and container integrity. Areas of stockrooms 
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where chemicals which may become dangerous or form dangerous by-
products should be inspected monthly. 

 
• They should not be used as preparation or re-packaging areas,  

 
• They should be opened during normal working hours,  

 
• They must be controlled by a manager. 

 
c.  Distribution   
 
• When chemicals are hand carried, the container should be placed in an outside 

container or acid-carrying bucket to protect against breakage and spillage. Secondary 
containment is especially important when chemicals are moved in public areas, such 
as hallways or elevators. 

 
• When they are transported on a wheeled cart, the cart should be stable under the load 

and have wheels large enough to negotiate uneven surfaces (such as expansion joints 
and floor drain depressions) without tipping or stopping suddenly. 

 
• Freight-only elevators should be used if possible.  
 
• Provisions for the safe transport of small quantities of flammable liquids include the 

use of rugged pressure-resistant, non-venting containers and elimination of potential 
ignition sources. 

 
• All chemical containers being transported shall have labels identifying the contents 

and associated hazards. 
 
d. Shipment:  Hazardous materials shipments are subject to the regulations of the U.S.  
Department Of Transportation (D.O.T.) until the containers are opened for use. Packages 
of hazardous materials may not be left unattended on a loading dock. Special DOT 
training is required for those persons who package and ship hazardous materials. 
 
e. Laboratory storage  
 
• All incoming containers of hazardous chemicals must have appropriate labels that are 

not removed or defaced.  
 
• Each container should be labeled as to the date it was received and the date it was 

opened as some chemicals form peroxides or other unstable products when stored for 
relatively short periods of time. Refer to Appendix F for a list of common laboratory 
chemicals that may become unstable with time.   

 
• Amounts permitted should be as small as practical. Storage on bench tops and in 

chemical hoods is not permitted. 
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• Chemicals in the laboratory should be segregated (see Appendix C) and safely 

stored. Acids, bases, corrosives, oxidizers, and toxics should be separated from one 
another by space and secondary containment.  

 
• Flammable liquids should be kept in NFPA-approved flammable liquid storage 

cabinets (see Appendix C).   
 
• Absolute ethyl alcohol must be stored in locked cabinets.  
 
• Exposure to heat or direct sunlight should be avoided.  
 
• Chemicals should not be stored under a sink.   
 
• Strong acids or bases or unsealed toxic chemicals can be stored in ventilated base of 

chemical fume hoods but separation should be provided to prevent cross-mixing. 
Mild acids and bases such as citric acid and sodium carbonate may be stored with 
other low-hazard reagents.   

 
• Open shelves for low-hazard, stable chemicals should be located out of normally 

traveled routes. The higher shelves should be used for smaller containers of the 
lowest hazard chemicals.   

 
• Lecture bottles and full-sized cylinders of compressed gases should be stored in a 

ventilated storage area (see "Standards for Handling Compressed Gas Cylinders", 
Section V).  

 
• Gas cylinders must be secured (strapped or chained). The area should have adequate 

room ventilation to remove leaking gas and easy accessibility for periodic exchange 
of cylinders. (See Section V for additional information on compressed cylinders 
including size and quantities allowed in laboratories) 

 
f.  Inventory:  The laboratory or area supervisor, or his/her designee, must maintain a 

list of all hazardous chemicals known to be present in each laboratory or area and 
keep the list updated. Unneeded items should be discarded or identified as surplus 
(Refer to your "Hazardous Waste Management" Manual).  The inventory must 
identify each hazardous chemical by the primary name on the label, manufacturer or 
distributor of the chemical, the Chemical Abstract Number (CAS), the quantity, and 
an indication of the availability of a Material Safety Data Sheet (MSDS) for that 
chemical. The inventory should be kept in a readily accessible location in a suitable 
format such as that illustrated in Appendix B. A hazardous chemicals inventory must 
be submitted to the Chemical Hygiene Officer (Naomi Kelly) by the 15th of February 
of each year.  
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5. Housekeeping, Maintenance, and Inspections 
 

a. Housekeeping   
• In the laboratory and elsewhere, keeping things clean and organized helps provide a 

safer environment.  
Poor housekeeping increases the likelihood that an accident will occur and increases 
the total potential damage when accidents do occur.  

 
• Keep drawers and cabinet doors closed and electrical cords off the floor to avoid 

tripping hazards.  
 
• Keep aisles clear of obstacles such as boxes, chemical containers, and other storage 

items that might be put there even temporarily.  
 
• Avoid slipping hazards by cleaning up spilled liquids promptly and keeping the floor 

clean.  
 
• Never block or even partially block the path to an exit or to safety equipment, such as 

a fire extinguisher or safety shower. 
 
• Put ordinary wastepaper in a wastepaper basket separate from chemical wastes or 

biohazardous wastes.  
 
• Broken glass and other sharp items shall be disposed of in rigid, puncture-resistant 

containers to protect persons collecting the waste materials. These containers must be 
properly labeled. They should never be filled to the point where any material is 
protruding, or so that the weight of the carton would present a lifting hazard. Check to 
ensure that the container is intact and sound before attempting to lift. Securely tape 
the container before depositing in the dumpster. Ensure that only clean (no 
contaminated) glass is deposited to these containers.  

 
• Even needles and syringes that are not contaminated should be placed in biohazard 

sharps containers provided by EHS, so that they may be disposed of safely. 
 
• When discarding empty boxes or other containers bearing hazardous materials labels, 

the label shall be defaced or removed before disposal.  
 
• Contaminated boxes or other containers shall not be disposed of in the regular trash. 
 
b. Inspections  
• Housekeeping and chemical hygiene inspections should be performed by researchers, 

departmental safety personnel, or lab managers at least monthly for units that have 
frequent personnel changes and quarterly for others; informal inspections should be 
continual. (See Appendix I for an inspection checklist which can be used as a 
guide in performing inspections) 
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• Eye wash stations must be inspected weekly. Inspection should include flushing each 

unit for a minimum of 3 minutes. Safety shower units should be inspected weekly, but 
must be inspected at least monthly. Safety showers should always be inspected 
immediately prior to using any highly corrosive chemical. Inspection of safety 
showers should include flushing each unit for 1-2 minutes or until water runs clear. 
Containers should be used to collect water from flushing of lines. A 55 gal. container 
on a wheeled-type canister with spout at the bottom is the best setup. Flushing water 
can be collected and released over a floor drain or outside. These inspections should 
be recorded on inspection tags on the equipment or inspection forms posted at or near 
the stations and should include the last date of inspection and initials of the inspector. 
If recording on inspection tags, ensure that they are not attached to the equipment in a 
position where they will be wet if the shower is activated.  

 
c. Passageways:  Stairways and hallways should not be used as storage areas. Access to exits, 

emergency equipment, and utility controls should never be blocked.    
 
6. Personal Protective Apparel and Equipment (PPE) 
 
      Protective apparel compatible with the required degree of protection for substances being 

handled (follow labeling requirements and refer to MSDS). Users must be trained in the 
proper selection, use, cleaning, and maintenance of personal protective equipment (PPE). 
(Refer to Appendix H for additional information on PPE) 

 
a. Eye and Face Protection 

• Safety glasses must be worn by everyone, including visitors, who enters an area 
where chemicals are stored, handled or used. They must also be worn in areas where 
machines or operations create a flying particle/object hazard;  areas where processes 
can produce aerosols; where hot liquids or molten metals are handled; gas or electric 
welding in done; cyrogenic materials are handled; explosive materials are handled, or 
injurious radiation is present.  

 
• Regular eyeglasses and contact lenses do not provide adequate eye protection.  
 
• For laboratory visitors, safety glasses with side shields are adequate. For laboratory 

workers, where the danger of chemical splash exists, splash goggles are required.  
 
• For more hazardous operations, a combination of safety goggles or glasses and a face 

shield should be used (i.e., handling corrosive chemicals, cyrogenic or hot liquids, 
where flying particles/objects are a potential hazard). 

 
• Design, construction, tests, and use of eye and face protection purchased prior to July 

5, 1994, must be in accordance with ANSI Z87.1-1968 USA Standard Practice for 
Occupational and Educational Eye and Face Protection. Protective eye and face 
devices purchased after July 5, 1994, must comply with ANSI Z87.1-1989, American 
National Standard Practice for Occupational and Educational Eye and Face 
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Protection. To ensure that the protective eye and face devices you are using are 
approved by OSHA, look for Z87.1 stamped on the glasses. Be sure that all future 
purchases of eye and face protection are Z87.1-1989 ANSI approved. 

 
See Appendix H for more information on safety eyewear, including information on 
University contract for prescription safety glasses. 

 
 
b. Laboratory Coats/protective clothing 

• Must be worn in areas where chemicals are handled or used (scrubs or similar apparel 
that will provide equivalent protection may be worn) 

• Should be worn outside of laboratories only when transporting hazardous materials 
from lab to lab, stockroom, etc.  

• They must not be worn in public or administrative areas of a building such as the  
offices, cafeteria/vending areas, lounges, etc.  

• Are intended to prevent contact with the minor chemical splashes and spills 
encountered in a lab.  

• Do not significantly resist penetration by organic liquids—intended for incidental 
splash protection  

• Fabric should be selected by the laboratory activity—cotton or flame retardant lab 
coats should be used in laboratories where open flame is used or where large 
quantities of flammable chemicals are used. Polyester blends provide more chemical 
resistance, but tend to melt to your skin if they catch fire.  

• Should be removed immediately when they become contaminated.  
• Front opening laboratory coats should always be worn closed.  
• When handling corrosive or irritating liquids, chemically-resistant aprons and sleeve 

covers provide better protection but can complicate injuries in the event of a fire.  
• Home laundering of laboratory coats and other protective clothing is not permitted. 

A washer and dryer are available in Room 71 of the P&AS Building. (See Appendix 
M for info on Laundry Facility) 

• Should be laundered routinely to prevent contamination from accumulation. 
 

 
 
b. Hand Protection  
 

• Hand protection is required for employees whose hands are exposed to hazards such 
as those from skin absorption of harmful substances; damage of skin by contact with 
a hazardous material; severe cuts or lacerations; severe abrasions; punctures; 
chemical burns; thermal burns; and harmful temperature extremes, i.e., cryogenic 
liquids). 

 
• Select proper glove material based on the substance being handled, the particular 

hazard involved, and their suitability for the operation being conducted.  
 
• Inspect gloves for discoloration, punctures, and tears before each use. If the gloves 
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are to be reused, wash them before removal and replace them periodically.  
 
• Always wash hands after removing gloves. 

 
*See Appendix H for additional information 

 
 
 
c. Respiratory Protection 
 

• The Office of Environmental Health and Safety provides respiratory protection for 
situations where engineering and administrative controls cannot feasibly contain a 
respiratory hazard.  

 
• If a respirator is needed, it must be issued from the Office of Environmental Health 

and Safety or the local safety officer at Clemson's research and education centers. 
 
• The purchase of all respiratory protection equipment for use at Clemson University 

facilities requires prior approval by the Office of Environmental Health and Safety.  
 
• Anyone whose work may require respirator use should follow the procedures outlined 

in University’s Respirator Protection Program. These include: 
• Hazard evaluation 
• Respirator selection 
• Medical surveillance  
• Respiratory training 
• Fit testing 

Refer to the University Respiratory Protection Program Manual for complete information or 
contact the University’s 

Industrial Hygienist at 656-7557. 
*See Appendix H for additional information. 
 
d. Hearing Protection 
 

• Exposure to high noise levels can cause hearing loss or impairment. It can create 
physical and psychological stress. There is no cure for noise-induced hearing loss, so 
the prevention of excessive noise exposure is the only way to avoid hearing damage. 
Specially designed protection is required, depending on the type of noise 
encountered. 

 
• Preformed or molded ear plugs should be individually fitted  
 
• Some earplugs are disposable, to be used one time and then thrown away. The non-

disposable type should be cleaned after each use for proper protection.  
 
• Earmuffs need to make a perfect seal around the ear to be effective. Special 
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equipment is available for use with glasses or beards. 
 
• For extremely noisy situations, earplugs should be worn in addition to earmuffs. 

When used together, earplugs and earmuffs change the nature of sounds; all sounds 
are reduced including one’s own voice, but other voices or warning devices are easier 
to hear. 

 
• Contact Clemson University’s Industrial Hygienist at 656-7557 or EHS for 

information and assistance. 
 
e. Head Protection 
 

Head injuries are caused by falling objects, or by bumping the head against a fixed 
object. Head protection in the form of protective hats, must do two things: 

 
1. Resist penetration  

 
2. Absorb the shock of a blow 

 
*See  Appendix H for additional information. 

 
Other Protective Equipment 
 

• An easily accessible emergency shower and/or eyewash as indicated by chemicals 
stored and used. 

 
• A proper fire extinguisher selected based on the materials, chemicals, equipment, etc. 

in your area. (If employees are expected and/or allowed to use fire extinguishers, they 
must be trained; contact the University Fire Department to schedule training for your 
department)  

 
• Fire alarm and telephone for emergency use should be available nearby (preferably 

inside laboratories) 
 

• Other items designated by the laboratory supervisor. 
 
7.  Records 

 
a. Laboratory incident records should be written and retained. Please forward copies of 

these records to the University Chemical Hygiene Officer (Moorman House or email 
nkelly@clemson.edu). 

 
b.  Laboratory specific Chemical Hygiene Plan standard operating procedures, SOPs must be 

developed by laboratory supervisors and retained with the University Chemical Hygiene 
Plan. (See Appendix K) 
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c.  Accurate records of the amounts of chemicals with high chronic and acute toxicity stored 
and used, the dates of use, and names of users should be retained. 

 
d.  Medical records are retained by the institution in accordance with requirements of state 

and federal regulations 
 

e.  Exposure monitoring records. 
 

f.  Records for perchloric acid hood use (how used, quantity, washdown cycle, etc.) 
 

8. Signs and Labels 
 
a.  Prominent signs and labels of the following types should be posted: 
 
b. Emergency telephone numbers of emergency personnel/facilities, supervisors, and 

laboratory workers; This information should be posted at lab entrances (on or beside 
doors). Emergency response numbers should also be posted (preferably both inside—near 
phone and outside the lab). Information about the hazards (i.e., Biohazards, Radioactive 
materials, carcinogens, flammable, water reactive, etc.) that exist in the lab should be 
posted. General lab rules should also be posted:  NO FOOD OR BEVERAGE 
ALLOWED; NO SHORTS, SHORT SKIRTS, SANDALS, OPEN SHOES, ETC. ; 
SAFETY GLASSES AND LAB COATS MUST BE WORN BY ALL LAB 
PERSONNEL; VISITORS MUST WEAR SAFTEY GLASSES; NO VISITORS 
ALLOWED WITHOUT PERMISSION FOR AUTHORIZED PERSONNEL; 
VISITORS MUST BE ACCOMPANIED BY AUTHORIZED PERSONNEL 

 
c. Identity labels, showing contents of containers (including waste receptacles) and 

associated hazards; 
 
d. Location signs for emergency showers, eye wash stations, other safety and first aid 

equipment, exits and areas where food and beverage consumption and storage are 
permitted;  

 
e. Areas where hazardous materials are handled or stored must be posted with proper 

hazard warning signs (See “Signs and Labels”, Appendix E). 
 
9. Spills and Other Laboratory Incidents 

 
a.  A written emergency plan should be established and communicated to all personnel;  
 
b.  It should include procedures for ventilation failure, evacuation, medical care, reporting, 

and drills. 
 
c.  There should be an alarm system to alert people in all parts of the facility including 

isolation areas such as walk-in cold rooms. 
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d.  A spill control policy has been developed and includes consideration of prevention, 
containment, cleanup, and reporting (see Appendix D).  

 
e.  All accidents or near accidents should be carefully analyzed with the results distributed to 

all who might benefit. 
 
10.  Waste Disposal Program 
 
Assure that the plan for each laboratory operation includes plans and training for waste disposal. 
Indiscriminate disposal of waste chemicals down the drain or by adding them to mixed refuse for 
landfill burial is unacceptable and illegal. The University’s Hazardous Waste Management 
Manual describes acceptable waste disposal methods at Clemson facilities  
 

a. Chemical hoods may not be used as a means of disposal for volatile chemicals.  
 
b. Before a worker's employment in the laboratory ends, chemicals for which that person 

was responsible must be reassigned, properly discarded or identified as surplus. 
 
c. Indiscriminate disposal by pouring waste chemicals down the drain or adding them to 

mixed refuse for landfill burial is both unacceptable and illegal. 
 
d. Recycling should be used when possible.  
 
e. An attempt should be made to make available to other laboratories, chemicals which are 

no longer useful in your laboratory, but may be useful to others 
 
f. Contact the University’s Hazardous Waste Manager for details about these procedures for 

a particular waste. 
 
 
11.  Synthesized Chemicals 
 
If hazardous chemical substances are developed in the laboratory for in-house use, appropriate 
training should be given to personnel as with any other hazardous chemical. If the chemical 
produced is a by-product whose composition is not known, it shall be assumed that the substance 
is hazardous and should be treated in the same manner as other hazardous chemicals. 
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B. Laboratory Specific Operating Procedures 
 

Place laboratory specific chemical Safe Operating Procedures (SOPS) here. (For 
guidelines on developing individual laboratory SOPs, See Appendix K) 
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IV.  Ventilation. 
 
A. General Requirements 
 

• General laboratory ventilation. The system should: Provide a source of air for 
breathing and for input to local ventilation devices; it should not be relied on 
for protection from toxic substances released into the laboratory; ensure that 
laboratory air is continually replaced, preventing increase of air concentration 
of toxic substances during the working day; direct air flow into the laboratory 
from non-laboratory areas and out to the exterior of the building.  

 
• Modifications.  Any alteration of the ventilation system should be made only 

if thorough testing indicates that worker protection from airborne toxic 
substances will continue to be adequate. Any modifications to the lab 
ventilation system must have the approval of EHS. 

 
• Performance. Six to twelve room air changes per hour is normally adequate 

general ventilation if local exhaust systems such as fume hoods are used as the 
primary method of control. Air handling systems in University buildings that 
house laboratories were originally engineered and constructed to properly 
function with laboratory doors closed. Doors to the laboratory must be kept 
closed to ensure correct airflow. 

 
• Quality. General air flow should not be turbulent and should be relatively 

uniform throughout the laboratory, with no high velocity or stagnant air. 
 

1. Chemical Hoods 
 

Chemical hoods are critical to the safety of laboratory personnel and the advancement 
of research throughout the University. They are the most important component used 
to protect laboratory workers from exposure to hazardous chemicals and other agents 
used in the laboratory. When properly installed, maintained, and used, they can 
provide protection from these hazards. When this does not occur, the health and 
safety of laboratory workers and maintenance personnel can be severely 
compromised, and research can be hindered.   

  
a. The purchase, relocation, installation, or modification of all laboratory hoods or other 

ventilation device requires prior approval by the Office of Environmental Health and 
Safety and University Facilities. 

 
b. Airflow into and within the fume hood should not be excessively turbulent; chemical 

hood face velocity should be adequate (typically 100-150 feet per minute) at an 18” 
sash height. Air disturbances at the face of the fume hood should be avoided. Face 
velocities for chemical hoods must be a minimum of 60LFM at a full open sash 
height. Velocities should typically not exceed 150lfm due to increased turbulence 
which can result in deceased capture efficiency. 
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c. Quality and quantity of ventilation should be evaluated on installation, regularly 

certified (at least annually), and re-certified whenever corrections or repairs are made 
or in the event that the hood is relocated. These certifications will be performed by 
EHS. If your fume hood certification is not up to date, or needs re-certification 
because of relocation or repairs, contact EHS (656-7557). 

 
d. Close the fume hood sash when the hood is not in use. Work with the sash at the 

lowest possible position when using the fume hood. A working sash height of 18" or 
lower is recommended. Sash should not be raised above 18” except when necessary 
to place equipment in/out of the hood.  

 
e. Chemical hoods should be kept clean and uncluttered. Achieving even, laminar 

airflow across the deck or bench surface of the hood increases the effectiveness of the 
hood system. The presence of objects in the hood tends to increase turbulence in the 
hood. For this reason, the number of objects in a hood should be kept to a minimum. 
In particular, keep chemicals out of the hood unless they are in immediate use. Not 
only does storage of chemicals in a hood decrease the efficiency of the hood, but it 
also increases the possibility and seriousness of accidental fires/explosions.  

 
f. Work within the hood, at least six inches back from the front opening. This greatly 

improves the capture rate for volatile materials. Paint a line or place a strip of tape 6” 
inside the hood as a useful reminder. One’s face should never be within the plane of 
the sash when working with chemicals in the hood.  

 
g. Run water in hood drains at least once a week if the drains are not normally used.  

 
h. Conduct all operations inside a fume hood when working with hazardous chemicals 

which may generate air contaminants. Work with all hazardous chemicals, regardless 
of Permissible Exposure Level (PEL) or Threshold Limit Value (TLV), should be 
handled under a chemical fume hood whenever possible. 

 
i. Take care not to obstruct airflow by the arrangement of equipment and materials in 

the hood.  
 
j. Do not use the hood as a waste disposal mechanism. 
 
k. Do not store chemicals or non-essential apparatus or equipment in the hood. Store 

hazardous chemicals in an approved safety cabinet. 
 
l. Hoods should always be "ON" if chemicals if chemicals are being used in the hood (if 

chemicals are in the hood, they are considered as being used because they should not 
be in the hood unless they are in immediate use; or,  if chemicals stored in cabinets 
under the hood  require ventilation. 

 
m. Motor-driven electrical equipment used in a fume hood where volatile flammable 
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materials may be present must be equipped with a non-sparking induction motor. 
 
n. Keep the slots in the hood baffle free of obstruction by apparatus or containers. 
 
o. Minimize the floor traffic past the face of the hood and avoid making rapid 

movements while standing in front of the hood. Turbulence caused by an individual 
in front of an open hood can greatly enhance exposure.  

 
p. Work requiring the mixing, stirring, heating, grinding or any other operation that 

could reasonably be expected to cause aerosolization of hazardous materials should 
be performed in fume hood. 

 
q. Ideally, each fume hood should have a continuous monitoring device to allow 

convenient confirmation of adequate fume hood performance. If a hood does not have 
properly operating alarm installed on the hood, attach a piece of tissue (Kim-wipe) to 
the each corner of the sash. This will at least give some indication of air flow (and 
will definitely let you know if there is no flow) until the proper monitor can be 
installed. Do not use the hood if monitoring devices indicates that the hood is not 
working properly.  

 
r. Must be properly ducted to the outside of the building, with proper stack height to 

ensure that no re-entrainment into the building or any surrounding building occurs.  
 

s. Sinks incorporated into the hood surface should have a retaining edge surrounding 
them in order to prevent leaks/spills inside the hood from being released to the sewer 
system.  

 
t. Airfoils should be installed at the front edge of the floor of all hoods. This airfoil 

serves to minimize the effect of turbulence as air enters the hood. Airfoils currently 
installed on hoods should not be removed.  

 
u. Keep laboratory doors and windows closed. In closed buildings, ventilation systems 

are usually designed on the assumption that laboratory doors and windows will be in 
the closed position. If the doors and windows are left open, unplanned airflow 
patterns may degrade the efficiency of the hood.  

 
v. The sash glass offers protection from accidents and, when possible, it is safest to keep 

the sash between your face and the experiment. However, the sash is not designed to 
protect against explosions. When an explosion hazard is present, rounded safety 
shields should be placed between the operator and the experiment and as close as 
possible to the plane of the hood sash. Full-face protection should also be used in 
such circumstances.  

 
2. Hood Failure Procedures 

a. Immediately stop all work in the hood. 
b. If possible, stabilize reactions and turn off equipment (i.e., hot plates) or other 
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electric devices to avoid unplanned re-energizing of this equipment when the 
hood power is reactivated. Close any opened/exposed containers of chemicals 
or radioactive materials currently under the hood. 

c. Close the hood sash 
d. If processes/reactions cannot be stopped/contained, the lab(s) should be 

evacuated until hood(s) are operating.  
e. Do not use the hood until repairs have been made and the hood is re-tested 

and approved for use by EHS (at which time the “DO NOT USE” sign will 
be removed.  

f. Report the problem to: 
1. The Director of the Lab and/or the Building Manager 
2. University Facilities (656-2186) 

Notify others in the area and on additional shifts that the hood is not operating and 
cannot be used. The hood should be posted with a sign that boldly states that the 
hood is not functioning and should NOT be used until repairs/corrections have 
been made and sign is removed.  

 
 

3. Types of Chemical Hoods 
a. Conventional Fume Hood 
 This is a basic enclosure with a moveable front sash and an interior baffle. 

There can be additional slots in the baffle, perhaps one in the middle and one 
near the top, through which air can pass to provide more uniform airflow. The 
remaining air passes through the hood interior and is directed into the exhaust 
portal over the top of the interior baffle. The performance of the hood is 
dependent on sash position. 

 
b. By-Pass Hood 
      The by-pass air hood is quite similar to the conventional hood, except that it is 

designed to permit some exhaust air to “by-pass” the sash closure. This has 
two consequences. The first is that the air velocity near the work surface 
remains reasonably constant, so that excessive air speeds will not occur. The 
second is that there is less static pressure and hence less frictional resistance to 
the flow of air than with the conventional hood, so that the volume of air 
through the hood remains more nearly the same at different sash heights, 
permitting better control of the laboratory air balance.  

 
c. Auxiliary (Make-Up) Air Hood 
      The auxiliary air hood provides a means of introducing outside air to the hood 

exhaust and limits the percentage of tempered air removed from the 
laboratory. Usually, the auxiliary system supplies air downward across the 
sash and into the hood opening. The installation and configuration of this type 
of hood is critical and proper operation is difficult to maintain. It is also very 
difficult to accurately measure face velocities with this type of hood. We do 
not recommend the use of this type of hood and do not allow new installations 
of auxiliary air hoods.  
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d. Walk-in Hoods 
      Walk-in hoods are hoods which usually rest directly upon the floor or on a pad  
       resting directly  upon the floor. They are designed to accommodate tall   
       apparatus which will not fit in a standard hood sitting upon a base unit or  
       bench. Because their height would require an abnormally long sash travel,  
       these hoods are often provided with dual sashes, each of which would cover  
       half the opening or with a single sash which would come down only about  

         halfway, with swinging doors being used to provide access to the lower  
                               portion. 
 

 
3. Special Purpose Chemical Hoods 
 

a. Perchloric Acid Hood 
       Due to the potential explosion hazard of perchloric acid when combined with 

organic materials, this hood type must be used for perchloric acid digestion. It 
must be constructed of relatively inert materials such as type 316 stainless 
steel, ceramic coated material, or PVC. Hoods used for these applications 
should have integral bottoms, covered interiors, and a drain. Wash down 
features are required since the hood and duct system must be thoroughly 
rinsed after each use to prevent the accumulation of reactive residue. 
Perchloric acid hoods are by their nature of the by-pass type. The hood 
should be prominently labeled with a sign stipulating that it is for 
perchloric acid work only. Exhaust systems serving hoods used with heated 
perchloric acid should not be manifolded into a common exhaust plenum. 

 
b. Radioactive Hood 
       Hoods used for radioactive applications should have integral bottoms and 

covered interiors to facilitate decontamination. These units should also be 
strong enough to support lead shielding bricks, in case they are required. 
These hoods are also of the by-pass type.  

       Chemical hoods used for radioactive materials should be marked 
“RADIOIOSTOPE HOOD” and in addition should be labeled with a 
“CAUTION-RADIOACTIVE MATERIALS” sign bearing the standard 
radiation symbol. The isotopes being used should be identified on the label. 

 
c. Ductless Hoods 

Occasionally, EHS is asked to approve the purchase of a ductless hood for use 
in labs.  These hoods are designed to remove hazardous vapors from the work 
area as the exhausted air passes through an absorbent, such as activated 
charcoal. These hoods require constant attention and often do not provide 
adequate face velocity. The filters are designed for specific chemicals and will 
not protect against the variety of chemicals used in a typical university lab. 
Ductless hoods are plagued with the problems associated with “breakthrough” 
and with desorption of vapors from the absorbent. The user is also faced with 
expenses to replace filters and dispose of the expended filters. Routine 
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monitoring is also required to ensure that “breakthrough” is no occurring and 
users are not being overexposed. We, therefore, will not approve ductless 
hoods and will not provide inspection or certification for these hoods.  

 
4. Other Ventilation Devices 
 

a. Ventilated storage cabinets, canopy hoods and snorkels should be provided as 
needed, provided they are installed properly and with the approval of the 
Office of Environmental Health and Safety. Each canopy hood or snorkel 
should have a separate exhaust duct. Canopy hoods have their uses, where it is 
desired to capture and exhaust hot fumes carried upward by convention 
currents until they come close enough to the canopy so that the fumes become 
entrained within the hood. The speed of the air movement in the vicinity of 
the hood face, due to the air flowing through the canopy, falls off very rapidly 
to about 7.5% at a distance equal to the effective size of the canopy opening. 
If the canopy is at a reasonable distance away from the bench top, the airflow 
at the work surface due to the hood will be on the order of the average air 
movement speed within the room, or less. A further disadvantage would be 
that the fumes, if drawn upward, would pass through a worker’s breathing 
zone. For these reasons, canopy hoods are not recommended as general usage 
laboratory fume hoods. 

 
b. Any ventilation used to control the release of hazardous substances must be 

exhausted to a once-through system; not recirculated into the building’s 
general atmosphere. 

 
c. The University does not allow the use of ductless fume hoods except in very 

limited circumstances that must be approved by EHS. They can be utilized in 
a laboratory if chemicals to be used in the fume hood are non-volatile 
particulates that can be effectively captured by the HEPA filtration system, if 
the HEPA filtration pack is changed frequently, and if the system is properly 
maintained. These systems should never be used for highly toxic material. 
Usage of the ductless chemical hood is generally not allowed because there is 
no established mechanism to periodically test these units. Therefore, there is 
no way to determine when the filter is saturated. Also, the chemical vapor 
may be gradually released into the lab from these filtration substrates, 
unknowingly exposing the laboratory occupants.  

 
5. Biological Safety Cabinets 
 

     The biological safety cabinet is the principal device used to provide 
containment of infectious splashes or aerosols. Biological safety cabinets are 
divided into three classes based upon the type of protection provided. Class I 
and II cabinets use an air curtain and Class III uses as physical barrier to 
protect personnel. Class II and III cabinets filter the air before it is blown onto 
the work surface, and all three have filtered exhaust. HEPA (high efficiency 
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particulate air) filters are used since they are efficient in removing at least 
99.97% of particles 0.3 microns in diameter or greater. HEPA filters do not 
remove gaseous contaminants. As the filter becomes loaded, the resistance to 
air movement through the filter increases, with the result that the rate of air 
flow will decrease. Therefore, airflows must be adjusted periodically to assure 
proper performance. Also, these cabinets are subject to the same requirements 
with regard to location as fume hoods.  

       Biological safety cabinets must be tested and certified after installation and 
before use, any time they are moved, and at least annually. Certification of 
biological safety cabinets will be performed by a certified agent contracted by 
EHS. Costs for certification and necessary replacement of HEPA filters will 
be billed back to individual departments. If your biological safety cabinet 
needs to be certified/recertified, contact the University Biological Safety 
Officer at 656-1806. 

 
      For specific information on the three classes of biological safety cabinets, 

refer to Clemson University’s Biological Safety Manual or contact the 
University Biological Safety Officer. 

 
6. Horizontal or Vertical Laminar Flow Cabinets 
 

      Horizontal or vertical laminar flow cabinets (clean benches or blow out 
hoods) are not biological safety cabinets or chemical fume hoods. They lack a 
front window and provide protection for only the work surface, not the 
worker. Clean filtered airflow is forced across the work area and either 
directly or indirectly blown at the worker, and therefore these cabinets should 
not be used for work with potentially hazardous materials, including 
antibiotics used during media preparation. 

 
7. Special Ventilation Areas 
 

a. Glove boxes are usually small units that have multiple ports in which arm-
length rubber gloves are mounted, and the operator works through these. 
Glove boxes generally operate under negative pressure, so that any air leakage 
is into the box. Exhaust air from glove boxes and radioactive iodine fume 
hoods should be passed through scrubbers or other treatment before its 
release.  

 
b. Isolation rooms use the same principles as glove boxes, except that the 

protected worker is within the unit. The unit itself operates under negative 
pressure, and the exhaust air requires special treatment before release.  
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B. Laboratory Specific Ventilation Requirements 
 
Place laboratory specific ventilation requirements, here. Contact Clemson University’s Industrial 
Hygienist for information and assistance with these requirements. 
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V. STANDARDS FOR HANDLING COMPRESSED GAS CYLINDERS 
 
A.  INTRODUCTION 
 
Users of compressed gases should be familiar with the pertinent equipment and the 
characteristics of the gases. Gases are supplied in cylinders under great pressures, some as much 
as several thousand pounds per square inch. If the valve is broken off a the cylinder neck, the 
cylinder becomes a potentially deadly rocket, propelled with great momentum and high speed. 
Gas cylinders have been documented to cause extensive property damage, injury, and death. For 
this reason, all gas cylinders, full or empty, must always be strapped or chained to a sturdy 
support to prevent the cylinder from falling and breaking off the valve. All cylinders of 
compressed gas should be treated as high-energy sources and therefore regarded as potential 
explosives. The contents of a cylinder may also present such hazards as flammability, toxicity, 
corrosivity, excessive reactivity, and potential asphyxiation (if the volume of air displaced by the 
contents of the cylinder is sufficient). 
 
Compressed gas: 

• Any material or mixture having in the container an absolute pressure greater than 40 
psi at 70F or 

• Regardless of pressure, one having an absolute pressure greater than 104 psi at 130F, 
or 

• Any liquid material having a vapor pressure greater than 40 psi absolute at 100F 
 
Hazard Categories: 
The hazards of compressed gases can be categorized into the following basic hazards: 

• Inerts which displace oxygen causing simple asphyxiation (e.g., nitrogen, argon, and 
helium) 

• Toxics which cause adverse health effects depending on the type of gas, route entry, 
and dose. (e.g., phosgene and CO) 

• Flammables which cause fire or explosion when ignited. (e.g., CO, CH4, and H2) 
• Reactives which can be subdivided into: 

a. Corrosives that erode and deteriorate human flesh, or equipment  
 
b. Oxidizers that are not flammable by themselves, but which react violently 

with flammable or combustible materials 
(Many gases fall into more than one category.) 
 
 
Hazards can result from improper handling of gas cylinders and high pressure equipment, which 
exist in many University facilities. For example, a leaking cylinder could produce an atmosphere 
that is toxic, anesthetic, asphyxiating, or explosive; and in the event of a rapid escape, the 
cylinder becomes a randomly directed missile. The main purpose of properly handling 
compressed gases is, therefore, to prevent uncontrolled escape of the gas. All handling, storage 
and utilization of compressed gases must comply with the Compressed Gas Association 
Standards.  
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The following information is offered in order to familiarize personnel with cylinder parts 
and terminology:  
                                                

1. Valve handwheel: used to open and close the cylinder valve. Valves are occasionally not  
           equipped with handwheels and require special wrenches to effect operation. 

2. Valve pack nut: contains packing gland and packing around stem. Adjusted only  
           occasionally; usually tightened if leakage is observed around valve stem. Should not be  
            tampered with for diaphragm-type valves.  

3. Valve outlet connection: for connection to pressure-and/or flow-regulated equipment.  
           Various types of connections are provided to prevent interchange of equipment for  
           incompatible gases. Usually identified by a CGA (Compressed Gas Association) number,  
           for example, No. 350 for hydrogen service.  

4. Safety device: to permit gas to escape if the temperature gets high enough to endanger the  
cylinder by increased unsafe pressures.  

5. Cylinder collar: holds cylinder cap (6) at all times, except when regulating equipment is  
           attached to cylinder  valve.  
     6. Cylinder cap: to protect cylinder valve.  
     7. DOT number: This number signifies that the cylinder conforms to Department of 
          Transportation specification  DOT-3A governing materials of construction, capacities, and  
          test procedures; and that the service pressure for which the cylinder is designed is 2,000  
          pounds per square inch at 70oF. 
     8. Hydrostatic Test Date: This number indicates the date (month and year; in this case, June  
         l965) of initial hydrostatic testing. Thereafter, hydrostatic pressure tests are performed on 
         cylinders. For most gases this is  done every five years to determine their fitness for further  
         use. At this time, new test dates are stamped into the shoulder of the cylinder. Present  
         regulations permit visual tests in lieu of hydrostatic tests for low-pressure cylinders for  
         certain gases free of corrosive agents. Special permits allow for hydrostatic pressure tests at  
         ten-year intervals for cylinders in high-pressure service for certain gases.  
10.  Original inspector's insignia: for conducting hydrostatic and other required tests to 
        approve  the cylinder under DOT specifications.  
11. Valve outlet cap: protects valve threads from damage and keeps outlet clean; not used  

 universally.  
 
B.  GENERAL STANDARDS 
 
The rules for handling cylinders are relatively simple and straightforward. If they are followed, 
most serious accidents will be eliminated.  
 
  1.All cylinders must be marked as to content. Do not accept cylinders with unidentifiable  
     contents.  
  2.Unless the pressure regulator is attached, keep the valve protection cap on securely.  
  3.Cylinders must be secured with heavy-duty chains, at about 2/3 the height of the cylinder, to  
    prevent them from falling. Chains should be used to ensure that cylinders remain upright in the  
    event of a fire.  
  4.Do not store full and empty cylinders together. Serious "suck back" can occur when an empty  



 
 

44 
 

     cylinder is mistakenly attached to a pressurized system.  
  5.Group cylinders by type of gas. For example, store oxidizing gases at least 20 feet away from  
     flammable gases.  
  6.Cylinders must not be stored near sources of heat, ignition, oil, grease, or where they might  
     become part of an electric circuit.    
  7.Protect from direct rays of sun.  
  8.Cylinders can be stored in the open but should be protected from the ground beneath to  
     prevent rusting.  
  9.Bond and ground all cylinders, lines, and equipment used with flammable compressed gases.  
 10.Limit the storage of corrosive gases to about three months. The cylinder valve stem should be  
     worked frequently to prevent freezing. The valve should be closed when not in use.  
 11.Cylinders should not be subjected to low temperatures because many steels undergo  
      decreased ductility at low  
      temperatures and could crack.  
 12.Avoid subsurface storage locations.  
 13.Before connecting a regulator, the cylinder valve should be opened slightly and closed  
     immediately unless the gas is toxic.  
 14.Do not try to force a regulator to fit the cylinder. A poor fit probably indicates that the  
     regulator is not intended  
     for use with that particular compressed gas.  
 15.Never use an adapter fitting.  
 16.Open the cylinder valve slowly. Rapid release of a compressed gas will cause an unsecured  
      gas line to whip dangerously and also may build up a static charge which could ignite a  
      combustible gas. Never direct high pressure gases at a person, or use compressed gas or  
      compressed air to blow away dust, etc.  
 17. Never attempt to repair or alter cylinders, valves, or safety relief devices.  
 18. Do not wipe or touch the valve outlet of an oxygen cylinder valve in such a way that organic 
       residues which might be subsequently ignited by exposure to high oxygen pressure are 
       deposited.  
 19. DO NOT EMPTY A CYLINDER COMPLETELY. This will prevent a "suck back" and a  
       possible explosive  mixture.  
 20.When discharging gas into liquid, a trap or suitable check valve must be used to prevent  
       liquid from getting into the cylinder or regulator.  
 21.Do not use copper tubing with acetylene.  
 22. Never drag or roll cylinders, even for short distances. Move cylinders only on a hand 
truck.  
       Use chains to secure them to the hand truck. Do not lift cylinders by the cap.  
 23. Never drop cylinders or allow them to strike each other sharply.  
 24. Cylinders must not be charged except by the vendor.  
 25. Use soapy water or a commercial leak detector to detect gas leaks.  
 26. Employees must not attempt to repair cylinders or cylinder valves or to force stuck or frozen  
      cylinder valves. 
 27. Always wear safety goggles when handling or using compressed gases. 
 28. Only those tools approved by the cylinder vendor should be used on cylinder connections.  
       Do no modify or alter cylinders or their attachments. Use cylinders and manifold systems  
       only with their appropriate pressure regulators. 
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29. Always use a trap to prevent back siphonage of liquid chemicals, and a check valve to 
prevent back flow of Gases into the cylinder. When gas is passed from a cylinder into a 
vessel containing a liquid, contamination  
of the cylinder gas with other chemicals is a real possibility. Such contamination makes the 
gas unsuitable for future use and may result in explosion with resultant injury, damage, or 
even death. Use of a safety trap to contain liquid and a check valve to prevent back flow of 
gas will eliminate this possibility. These are installed immediately after the pressure 
regulator, and before the vessel containing the liquid. The safety trap should have a volume 
of about one and one half times the total liquid volume in the system. 

30. Use cylinders only in well ventilated areas. Corrosive gases should be used only in locations  
with access to safety showers and eyewash stations. Corrosive, toxic, and flammable gases 
should be used in chemical hoods  

        designed for use with that particular gas or group of gases. Use flammable gases only after  
        proper bonding and grounding connections have been made.  
31. Do not expose cylinders to temperatures higher than about 50C(122F). Some rupture devices 

on cylinders will  
Release about 65C (149F). Some small cylinders, including those not fitted with rupture 
devices, may explode if exposed to high temperatures. 

32. Transport cylinders in freight-only elevators, if possible. If transport in a passenger elevator 
is necessary,  
Perform a leak test prior to placing the cylinder into the elevator. Do not allow other 
passengers onto the elevator until you reach your destination and the cylinder is removed. 
Alert someone on the floor to which to you are transporting the cylinder and have them meet 
and assist you. In the event that there is an electrical failure, and you are stalled in the 
elevator; the employee scheduled to meet and assist you would then report the elevator being 
stalled with an employee and a compressed gas cylinder on board (they should also have 
information about the contents of the cylinder, etc.) 

  
  
C.  RESTRICTED PRODUCTS (TOXIC GASES) 
 

1. Highly toxic gases may be purchased and used only upon written permission of the 
Institutional Biosafety Committee. Notification of intent to work with highly toxic 
gases must be made prior to their proposed purchase to allow time for assuring that 
physical facilities and work practice controls are sufficient for the expected hazard. 
Large cylinders of toxic gases should not be purchased if it is possible to use small 
cylinders. 

 
2. Some of these gases are extremely toxic and may require isolated laboratory space 

and equipment not immediately available. For this reason, clearance should be 
requested well in advance of the proposed use. Examples of gases considered to be 
extremely toxic are chlorine, arsine, boron trifluoride, bromine, fluoride, phosgene, 
and phosphine.  There are many others which are not listed here.  

 
3. Storage of highly toxic or poison gases must be outdoors, or in a well-ventilated 

noncombustible building without other occupancy, or in a well-ventilated, separate 
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room without other occupancy, and of noncombustible construction with a fire 
resistance rating of at least one hour. Storage locations must be clearly marked and 
protected against tampering or entry by unauthorized persons. 

 
4. The total quantity of highly toxic gases stored should be limited to immediately 

foreseeable requirements. They should be stored in ventilated cabinets. Allowable 
quantities are listed in the table at the end of this section. 

 
5. All personnel working in the immediate must be instructed as to the toxicity of the 

gas or gases being used or stored, the appropriate methods of protection against 
harmful exposure, and first aid treatment in case of exposure.  

 
6. Because of the hazardous nature of highly toxic and poisonous gases, persons 

handling such gases are advised to contact the supplier for more complete information 
than will be found on the material safety data sheet with regard to usage and first aid. 

 
7. The maximum quantity and size limitations for cylinders of highly toxic gases are 

listed in the table at the end of this section. 
 
8. Do not transport cylinders containing toxic gases in passenger elevators. 

 
 
D. FLAMMABLE GASES (HYDROGEN, ACETYLENE, AND OTHERS OF THIS 

CLASSIFICATION) 
 

Because of the fire and explosive hazards that can result when these products are used in 
confined spaces, special care must be used.  

 
1. When cylinders are kept inside the building, two or more cylinders should not be 

manifolded together. However, several instruments may be operated from one 
cylinder. 

 
2. Considerations for the number of highly flammable gas cylinders to be placed in a 

laboratory room will include size of the room, airflow, other equipment in use, ease 
of access to cylinders, etc. The quantity and size of cylinders in laboratory work areas 
shall comply with NFPA regulations (see the table at the end of this section). 

 
3. Standby cylinders of flammable gases (full reserve cylinders) or empty cylinders 

must not be stored in the laboratory. Cylinders will be stored out of doors and 
delivered to the laboratory on demand. (This does not change the responsibility of the 
user to initiate purchase orders.) Empty cylinders will be removed from the laboratory 
when the full cylinders are received. 

 
4. When practical, valves on flammable gas cylinders should be closed before all 

employees leave the laboratory at night. 
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5. Adapters may be used only upon written permission of the Office of Environmental 
Health and Safety. 

 
6. Piping must be compatible with the gas, (e.g., no copper for acetylene; no plastic 

tubing in any high pressure portion of a system, etc.) 
 
E. ACCEPTANCE OF CYLINDERS FROM VENDORS 
 

1. The contents of cylinders must be identified with decals, stencils, glued or wired-
on tags, or other markings on the cylinders. Color codes alone or tags hung 
around the necks of the cylinders must not be used. Cylinders lacking proper 
identification must not be accepted from the vendor. 

 
2. Cylinders must not be accepted from the vendors unless the valve safety covers 

are in place and properly tightened. 
 

3. Vendors moving cylinders into University buildings must use hand trucks, carts, 
or dollies; cylinders must not be dragged or rolled. 

 
4. Cylinder valves must conform to standards of the National Compressed Gas 

Association. 
 
F. HANDLING AND STORAGE OF CYLINDERS 
 
1. HANDLING 

a.   Cylinders should never be dropped or permitted to strike each other violently. 
 

b.  The valve safety covers must be left on the cylinders until they are secured to walls, 
benches, or stable pieces of equipment, or until non-tip bases are attached. 

 
c.  Cylinders must be transferred only by carts, hand trucks, or dollies. They must not be 

rolled or dragged. The valve safety covers must be in place and the cylinders secured 
to the carts during transport. 

 
d.  Cryogenic containers of twenty gallon capacity or more should be transported only on 

4-wheeled carts designed for that purpose. 
 

e. Empty cylinders must be marked "EMPTY" or "MT" with grease pencils. Generally, 
this marking should be on a large piece of adhesive or masking tape stuck on the 
cylinder rather than on the tank itself. However, some cylinders have tags wired to the 
valve that identify their contents; in this case, the bottom half of' this tag may be torn 
off to indicate an empty cylinder. In all cases, empty cylinders must be easily 
identified so as not to be confused or stored with full cylinders. 

 
2. STORAGE 
        Storage of gas cylinders is an important factor in gas safety. Always assign a definite area  
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        for cylinder storage.  
 

a. Store them upright in racks.  
 
b. Keep the area cool, dry, and well-ventilated. Dryness avoids rust and corrosion, and 

makes maneuvering around storage areas safer. Avoid heat or direct sunlight. Prevent 
sparks and temperatures greater than 130F, particularly around flammables.  

 
c. Cylinders that are necessary for current laboratory requirements shall be stored in a 

proper cylinder storage area. 
 

d. Cylinders of all gases having health hazard ratings of 3 or 4 and cylinders of gases 
having a health hazard rating of 2 with no physiological warning properties shall be 
kept in a continuously mechanically ventilated hood or other continuously 
mechanically ventilated enclosure. There shall be no more than three cylinders of 
gases with health hazard ratings or 3 or 4 per hood or other enclosure.  

 
e. The quantity and size of cylinders in laboratory work areas shall comply with NFPA 

standards (see Table at the end of this section). 
 
f. Keep cylinders away from live electrical equipment. Any electrical spark to the 

cylinder can present heat and weaken the steel at that spot. Ventilation is necessary in 
case of leaks.  

 
d. Separate full and empty cylinders. Empty cylinders should be marked to indicate that 

they are empty.  
 
e. Separate non-flammables and oxidizers from flammables by at least 20 feet or by a 

noncombustible barrier having a fire rating of at least one hour. 
 
f. Smoking is not allowed near flammables or oxidizers. 
 
g. Cylinder storage areas should always be secured. Cylinders should always be 

strapped or chained.  
 
h. NFPA recommends that corrosive gases not be stored for longer than six months. 

Examples of corrosive gases are: boron trichloride, boron trifluoride, bromine 
trifluoride, carbonyl fluorine, carbonyl sulfide, chlorine, chlorine trifluoride, fluorine, 
hydrogen bromide, hydrogen chloride, hydrogen fluoride, hydrogen iodide, hydrogen 
selenide, hydrogen sulfide, iodine pentafluoride, nitrogen dioxide, nitrogen tetroxide, 
nitrogen trioxide, nitrosyl chloride, phosgene, phosphorous pentafluoride, and sulfur 
tetrafluoride. 

 
i. 1,3-butadiene, ethylene oxide, vinyl bromide, vinyl chloride, and vinyl fluoride 

should not be stored for longer than six months because problems may arise due to 
polymerization. Note: ethylene oxide should not be stored for more than three months 
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unless provisions are made for refrigerated storage. 
 
G. PRESSURE REGULATORS AND NEEDLE VALVES 
 

1. The valve fittings of cylinders used to store different families of gases are 
different and will only allow regulators or needle valves to be attached that are 
safe for use with those gases. Cylinders must not be purchased or accepted whose 
fittings do not conform to standards of the National Compressed Gas Association. 
Use of adapters to connect regulators to cylinder valves defeats this safeguard and 
must not be used without written permission of the Office of Environmental 
Health and Safety. Only pressure regulators and needle valves approved for the 
gases may be used. 

 
2. Threads and points of unions must be clean; these surfaces must be inspected 

before they are connected. Personnel must not attempt to lubricate threads or 
fittings. 

 
3. When attaching regulators or needle valves, personnel must tighten the 

connections firmly. Non-adjustable wrenches of the proper size should be used.  
Pliers or adjustable wrenches should not be used, as they damage the nuts, most of 
which are brass and rather soft. Need for excessive force often indicates that the 
regulators or needle valves do not fit the cylinders. Leaks at the unions between 
the regulators and the cylinder valves are usually due to damage to the faces of 
the connections. Attempts to force a tight fit may damage the previously 
undamaged half of the connection. If the cylinder valve faces are damaged, the 
cylinders must be returned to the vendor. Employees must not attempt to repair 
them. Damaged regulators must not be used until repaired. 

 
4. After attaching the pressure regulator to the cylinder, personnel should turn out 

the delivery pressure adjusting screws of the regulators until they turn freely. The 
cylinder valves should be opened slowly. Laboratory personnel should avoid 
standing directly in front of the regulators at this time as the pressure of the 
cylinders may blow the glass from the front of a faulty gauge. The cylinder valve 
handles should be left attached to the valves while the cylinders are in use. 
Cylinder valves that "stick" and do not open when the usual amount of force is 
applied may be damaged. Personnel must not attempt to force them open, but 
should return these cylinders to the vendors, stating on the cylinders that the 
valves are stuck. 

 
5. Pressure in full cylinders should be as indicated on the cylinders or labels. Lack of 

full pressure may indicate leaks at the connections between the cylinders and 
valve regulators, damaged regulators, or incompletely filled cylinders. 

 
6. Employees should connect delivery lines to the low pressure outlets of the 

regulator valves or to the needle valves. Where low pressure lines are used, their 
valves should be closed and line pressure adjusted by turning the regulator 
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delivery pressure adjusting screws until the desired pressures are shown on the 
delivery pressure gauges. 

 
7. If the gases are not to be used over a considerable length of time (i.e., 24 hours), 

the cylinder valves should be closed, the lines bled, and the pressure adjusting 
screws turned back until they turn freely. Damage to the gauges may result if 
pressure is left on the gauges during extended periods of nonuse. 

 
 
H.  LEAK TESTING 
 

1.        Leak testing using "snoop" or a soap solution should be done twice. The first test  
      should be made before the regulator or needle valve is attached to determine if  
      there are leaks at the union of the cylinder and the cylinder valve and to determine  
      if the valve is leaking. The second test should be made after the regulator is  
      attached and the cylinder valve is opened to detect leaks around the valve 

            stem packing, the connecting fittings, the regulator or needle valve, and the 
            transfer lines to the instrument. 

 
2. Compressed gas cylinders are tested for leaks when they are filled; however, leaks 

have been detected when new cylinders were received in Clemson laboratories. 
Personnel should not attempt to repair cylinder leaks or leaks caused by loose 
valve stem packing. Leaking cylinders of nontoxic, nonflammable gas may be 
taken to a loading dock or other place having suitable air flow for the vendors to 
pick up. Leaks from cylinders of toxic or flammable gases require immediate 
attention. Decisions of how to handle the problem will depend on the kind of gas, 
the size of the leak, the area where the cylinder is located, and other factors. 
Personnel must wear gas masks or SCBA and appropriate protective clothing 
when attempting to move leaking cylinders of toxic gases. Only trained personnel 
who have been approved to wear respiratory protective gear would be allowed to 
handle leaking cylinders of toxic gases. 

 
 

Report leaking or damaged cylinders to the University Fire Department at 911. As  
always, when an accident or emergency situation: 

*           Remain calm. 
*          Give your name  
*          Report your location 

*          Describe the nature of the emergency (e.g., leaking high-pressure 
cylinder of toxic gas) 

 
NOTE: Do not attempt to move a leaking or damaged high pressure cylinder even if it is 

not toxic gas unless you have been specifically trained to do so and have the 
necessary protective equipment and personnel back up present. 

 
I. EMPTY CYLINDERS 



 
 

51 
 

 
1. A small amount of gas must be left in the cylinders and the cylinder valves must 

be closed to prevent contamination of the inside of the cylinders. 
 

2. Empty cylinders should be marked "EMPTY" or "MT" and stored apart from full 
cylinders.  

 
3. Valve safety covers and the labels showing contents must be in place. 

 
 
J.   HYDROSTATIC TESTING 
 
 Hydrostatic pressure tests are performed on most cylinders every five years to  
 determine their fitness for further use. At this time, new test dates are stamped into the  
 shoulder of the cylinder. Present regulations permit visual tests in lieu of hydrostatic  
 tests for low-pressure cylinders in certain gases free of corrosive agents. Special permits  
 allow for hydrostatic pressure tests at ten-year intervals for cylinders in high-pressure  
 service for certain gases (cylinders that require hydrostatic testing every 10 years have a  
 five-pointed star stamped next to the hydrostatic test date). Original inspector’s insignia  
 for conducting hydrostatic and other required tests to approve the cylinder under  
 Department of Transportation specifications must be on the cylinder. 
 
K.  LECTURE BOTTLES 
  
 In addition to standard precautions, the following shall apply to work with lecture bottles  
 in the laboratory: 
 

• Lecture bottles shall be stored where the temperature does not exceed 50C. Unlike 
larger cylinders, lecture bottles do not have pressure-relief devices to prevent 
rupturing.  

 
• If labels and valve tags do not agree, or if there is any question as to the contents of a 

lecture bottle, return it to the supplier.  
 
• Lecture bottles should be purchased from suppliers who will accept the return of 

empty or partially empty bottles or leased from a supplier who offers a leasing option 
for lecture bottles. Contact EHS for names of suppliers who offer leasing options for 
lecture bottles. 

 
L.  ACETYLENE 
 
 The following special rules apply to work with cylinders of acetylene: 
 

• Acetylene cylinders should be stored in an upright position if possible. If a cylinder of 
acetylene has been stored in a non-upright position, do not use it until it has sat 
upright for at least 30 minutes. 
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• Acetylene cylinders should be tightly secured with straps or chains and stored where 

they are unlikely to be struck. 
 
• When connecting an acetylene cylinder, be sure to use a flash arrester at the outlet of 

the cylinder and the correct kind of tubing to transfer the gas. Some tubing materials, 
such as copper and lead solder, form explosive acetylides. 

 
• Never exceed the pressure limit indicated by the warning red line of an acetylene 

pressure gauge. 
 
• Never under any circumstances attempt to transfer acetylene from one cylinder to 

another, to refill acetylene cylinders, or to mix any other gas with acetylene in a 
cylinder.  

 
• Do not store acetylene cylinders near oxygen cylinders.  

 
 
 
M.    Cryogens 
 
Special Precautions for Working with Cryogens: Some of the hazards associated with 
cryogens (fluids used to maintain extremely low temperatures) are fire, pressure, 
embrittlement of materials, and skin or eye burns upon contact with the liquid. Cryogens 
can condense nearly pure liquid oxygen from the air, creating a severe fire risk. A 
pressure hazard exists because of the large expansion ratio from liquid to gas, causing 
pressure build up in containers. Many materials become brittle at extreme low 
temperatures. Brief contact with materials at extreme low temperatures can cause burns 
similar to thermal burns. Carefully observe all special precautions.  
 
  1  Equipment should be kept clean, especially when working with liquid or gaseous 
    oxygen.  
 
  2. Mixtures of gases or fluids should be strictly controlled to prevent formation of 
    flammable or explosive mixtures.  
  3. For flammable cryogens the precautions provided in the "Flammable/Combustible 
    Materials" section of this booklet should be used. 
 
4.  Always wear goggles when handling cryogens. If there is a splash or spray hazard, a 
    face shield over the goggles, an impervious apron or coat, cuffless trousers, and 
    fully-covering, non-lacing shoes should be worn. Watches, rings, and other jewelry 
    should not be worn. Gloves should be impervious and sufficiently large to be readily 
    thrown off should a cryogen be spilled. Cryo-gloves or pot holders should also be 
    used. Respirators may be required if the cryogen is toxic and sufficient local exhaust 
    ventilation is not available. Contact EHS for exposure monitoring.  
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  5. Containers and systems containing cryogens should have pressure relief mechanisms. 
 
  6. Containers and systems should be capable of withstanding extreme cold without 
    becoming brittle. Glass containers should be taped solidly around the outside or 
    encased in plastic mesh.  
 
  7. Funnels should not be used for pouring liquid nitrogen or any other cryogen.  
 
  8. 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.  
 
9. 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.  
 10. Dispensing stations designed to allow research staff to fill smaller vessels from a 
    larger self-pressurizing Dewar must be located in non-public areas, and should be 
    posted with standard operating procedures.  
11. 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. 
 
 
N.  COMPRESSED AIR  
 
Compressed air is used for many purposes at the University and the following safety 
guidelines should be observed:  
 
      1.Air lines must be reduced in pressure so as to not exceed 30 psi at the nozzle.  
      2.Inspect lines regularly.  
      3.Portable air lines must be stored so they do not hang or extend into machine work areas or  
         traffic patterns. Suitable spring hangers, hose reels, sway bracing, vibration dampers, etc.  
         must be provided.  
      4.A pressure gauge or a valved connection for a pressure gauge should be located at the  
         outlet of each pressure- reducing valve.  
      5.Air receivers must be installed so that all drains, hand holes, and manholes therein are 
easily  
         accessible. Air receivers should be supported with sufficient clearance to permit a complete  
         external inspection and to avoid corrosion of external surfaces. Under no circumstances  
         shall an air receiver be buried underground or located in an inaccessible place. The receiver  
         should be located as close to the compressor or aftercooler as possible in  order to keep the  
        discharge pipe short.  
      6. A drain pipe and valve should be installed at the lowest point of every air receiver to  
          provide for the removal of accumulated oil and water. Adequate automatic traps may be  
          installed in addition to drain valves. The receiver should be completely drained frequently  
          and at such intervals as to prevent the accumulation of excessive amounts of liquid in the  
         receiver.  
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      7 .Every air receiver should be equipped with a visible pressure gauge with one or more  
         spring-loaded safety valves. The total relieving capacity of the safety valve should be such  
         as to prevent pressure in the receiver from exceeding the maximum allowable working 
         pressure of the receiver by more than 10%.  
      8. No valve of any type is to be placed between the air receiver and its safety valve or valves.  
      9. Safety appliances, such as safety valves, indicating devices and controlling devices, are to  
         be constructed,  
         located, and installed so that they cannot be rendered inoperative by any means.  
     10.All safety valves are to be tested frequently and at regular intervals to determine whether  
          they are in good operating condition.  
     11.Extreme care should be taken in cleaning the worksite with compressed air. Small particles  
         can be given sufficient velocity to cause severe eye damage.  Adequate eye protection such  
         as safety goggles must be worn by all persons engaged in cleaning with compressed air.  
        Use of compressed air to "blow down" or clean oneself off at anytime is 
        prohibited.  
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MAXIMUM SIZE AND QUANTITY LIMITATIONS FOR COMPRESSED OR 
LIQUIFIED GAS CYLINDERS IN LABORATORIES 

 
 
 
 Flammable Gases 

and Oxygen 
Liquified Flammable 
Gases 

Gases with High 
Health Hazard 
Rating 

Maximum cylinder 
size (approximate 
dimensions in inches) 

10 x 50 9 x 30 4 x 15 

Maximum number of 
cylinders per 500 
square feet or less of 
floor space in 
nonsprinklered areas 

3 2 3** 

Maximum number of 
cylinders per 500 
square feet or less of 
floor space in 
sprinklered areas 

6* 3 3** 

 
*In instructional laboratory work areas, the total number of cylinders shall be reduced to 3 
maximum-sized cylinders or ten approximately 2” x 13” cylinders (lecture bottles) are allowed. 
In other than instructional laboratories, 25 lecture bottles are permitted. 
**Cylinders of all toxic gases shall be kept in a continuously mechanically ventilated hood or 
other continuously mechanically vented enclosure, with no more than 3 cylinders per enclosure. 
 
 
 
Reference: NFPA 45, Fire Protection for Laboratories Using Chemicals, National Fire 
Protection Association, 1991. 
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VI. Employee Exposure 
Criteria used to determine and implement control measures to reduce employee exposure to 
hazardous chemicals include engineering controls, the use of personal protective equipment, and 
proper chemical and personnel hygiene practices and procedures. Particular attention shall be 
given to the selection of control measures for chemicals that are known to be extremely 
hazardous. 
The American Conference of Governmental Industrial Hygienists (ACGIH) produces annual lists 
of Threshold Limit Values (TLV’s) and Short Term Exposure Limits (STELS) for common 
chemicals used in laboratories. These values are guides, not legal standards (but can be enforced 
by OSHA under the General Duty Clause as consensus standards, especially if there is no 
corresponding PEL. They are defined as follows: 
 
TLV-Time-weighted average concentration for a normal 8-hour workday to which nearly all 
workers may be repeatedly exposed without adverse effect. 
 
STEL-Maximum concentration to which workers can be exposed for periods up to 15 min. Such 
exposures should be limited to no more than four per day with periods of at least 60 min each 
between exposures; the total time-weighted exposure per day should not exceed the TLV value. 
 
Most of the 1968 TLVs were adopted by OSHA in 1972 as legal Permissible Exposure Levels 
(PELs). The basis for selection of the TLVs appears to be more secure than the justification for 
the STELS. The TLVs provide a useful estimate of how much ventilation may be needed in 
laboratories where the occupants typically spend most of their working time. 
 
However, because of the many factors influencing toxicity, each situation should be evaluated 
individually and the TLVs used as guidelines rather than as fine lines between safe and 
dangerous concentrations. 
 
The best way to avoid exposure to toxic vapors, mists, gases, and dusts is to prevent the escape 
of such materials into the working atmosphere and to ensure adequate ventilation by the use of 
exhaust hoods and other local ventilation.  
 
Every laboratory worker should observe the following rules: 
1. Know the safety rules and procedures that apply to the work that is being done. Determine 

the potential hazards (e.g., physical, chemical, biological) and appropriate safety precautions 
before beginning any new operation. 

 
2. Know the location of and how to use the emergency equipment in your area, as well as how 

to obtain additional help in an emergency, and be familiar with emergency procedures. 
 
3. Know the types of protective equipment available and use the proper type for each job. 
 
4. Be alert to unsafe conditions and actions and call attention to them so that corrections can be 

made as soon as possible. Someone else’s accident can be as dangerous to you as any you 
might have. 
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5. Do not consume or store food or beverages or smoke in areas where chemicals are being used 

or stored. 
 
A.  General Requirements 
 
1.  Employee Exposure Determination 
 
a. Initial Monitoring 
The Department of Environmental Health and Safety will measure an employee’s exposure to 
any substance regulated by a standard which requires monitoring if there is reason to believe that 
exposure levels for that substance routinely exceed the action level (or in the absence of an 
action level, the permissible exposure level). 
 
b. Periodic Monitoring 
If the initial monitoring discloses employee exposure over the action level (or in the absence of 
any action level, the PEL), the exposure monitoring provisions of the relevant standard will be 
followed. 
 
c. Termination of Monitoring 
Monitoring may be terminated in accordance with the relevant standard. 
 
d. Employee Notification of Monitoring 
A copy of the results of such monitoring will be sent to the employee or employees involved (or 
posted in an appropriate location near the area tested) within 15 days of receipt of the test results. 
The Office of Environmental Health and Safety will maintain an official record of the results. 
 
2. Chemical Spills or Leaks 
In the case of a spill, if the spill is a small amount (less than one liter) inside a fume, the spill 
should be cleaned up immediately using the proper personal protective equipment (PPE 
required for cleanup) and appropriate absorbent material (Consult the material safety sheet 
for information on spill cleanup). If the spill occurs outside the hood, amounts of one liter or less 
of low toxicity materials may be cleaned up by trained laboratory personnel only if the proper 
cleanup materials and personal protective equipment required for cleanup are used. If Chemicals 
of high toxicity are spilled outside chemical fume hoods, alert other personnel in the area, 
evacuate the area, close the laboratory door and call 911. (Refer to Appendix D for further 
information on spill cleanup and response) 
 
3. Odor Detection 
Detection of odors is not a reliable means of judging the hazard of an exposure. There are 
several variables in the odor threshold, and variables in human detection of odor. 
 
There are some materials which have a strong or easily-detected odor at concentrations which are 
far below any level at which health hazards are likely to occur. For example, mercaptans and 
ethyl ether have such low odor thresholds that they give an early warning of their presence. 
Other toxic materials are odorless or cannot be detected at concentrations below the permissible 
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exposure limits. The ability to perceive odor varies among individuals and not everyone can 
smell odors of certain chemicals which may be extremely toxic, such as hydrogen cyanide or 
hydrogen sulfide. Other individuals exposed to odorous chemicals day to day may eventually 
experience a diminished or complete inability to detect certain odors. 
The ability to perceive odor may also vary depending on interfering odors and with time and 
concentration. After a short exposure to some strong chemical odors (e.g., phosgene, 
formaldehyde, and hydrogen sulfide), olfactory fatigue may occur so that a person is no longer 
able to smell the odor. If olfactory fatigue does occur, a person may be in great danger because 
he thinks the exposure no longer exists. 
 
As an example, hydrogen sulfide has the strong odor of rotten eggs and can be detected at 
concentrations as low as 0.025 parts per million (ppm). It is distinct at 0.3ppm, offensive and 
moderately intense at 3-5ppm and strong but not intolerable at 20-30ppm. (The maximum 
concentration allowable for a prolonged or work-day exposure is 20ppm). 
 
4. Signs and Symptoms of Overexposure 
While your senses may not give you precise information, there is a lot you and your co-workers 
can find out by perceptive observation not only of the working conditions, but of your own 
sensations. 
 
There are two classes of adverse health effects you may be able to perceive: 
 

1. Signs - evidence which is observable by others  
2. Symptoms - evidence which is subjective and not observable by others 

 
Signs of Inhalation Exposure 
If you suddenly begin sneezing or coughing, your eyes begin to water, or your gait becomes 
staggered, these are signs observable by yourself (as well as by others) that you could possibly 
be exposed to irritating gases or vapors. Changes in breathing rate could be another sign of 
exposure. 
 
Symptoms of Inhalation Exposure 
Symptoms of exposure to irritating gases or vapors include: headache, irritation of eyes, nose, 
and throat; increased secretion of mucous in your nose and throat; and other subjective evidence.  
 
Signs of Skin Contact 
In case of skin exposure to chemicals, you may see signs of redness (erythema), swelling 
(edema), or dry whitened skin. You may experience symptoms of irritation and itching. 
The skin on your hands may become dry and whitened if you wash residues off your hands with 
organic solvents. This results from removing some of the lipids from the surface of your skin. 
Repeated or prolonged contact with solvents is likely to lead to cracked and red skin or 
dermatitis, which can be a lifelong problem. 
 
Other Signs and Symptoms of Chemical Overexposure 
Potentially hazardous exposures may be recognizable from fairly obvious signs or symptoms, but 
such evidence may be overlooked or ignored if you are not prepared to observe it. In addition to 
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some easily recognizable signs, there can be subtle effects that need to be recognized. Here is a 
list of some of the subtle signs and symptoms which can be caused by chemical exposures (or 
which could also be caused by other factors, including illness): 
 
• Changes in normal behavior patterns 
• Periods of dizziness 
• Muscle spasms 
• Irritability 
 
Some of these signs and symptoms may occur in a short time, while others may not be noticed 
unless the exposure is several days in length. 
 
Be prepared to get out of the area if symptoms appear suddenly. If the symptoms disappear or 
alleviate quickly once you are out of the area, alert you supervisor and others in the area. 
 
If care is taken to ensure that  (1) the ventilation system (including the hood) is performing and 
being used properly (2) the laboratory workers are using proper protective clothing to avoid skin 
contact and (3) the laboratory workers are following good hygiene and laboratory safety 
practices, then even highly toxic materials can be handled without undue risk.
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B. Laboratory Specific Criteria 
 
Place laboratory specific criteria for the selection of personal protective equipment for specific 
chemical procedures, here. Contact EHS for information and assistance. 
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 VII.    MEDICAL CONSULTATION AND EVALUATION 
 
A.  General Requirements 
 
The University’s provisions for medical consultation and medical examinations shall be in 
accordance with paragraph (g) of the OSHA standard "OCCUPATIONAL EXPOSURES TO 
HAZARDOUS CHEMICALS IN LABORATORIES", reproduced below. 

 
(g)  Medical consultation and medical examinations. 

 
(1)  The employer shall 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: 

 
(i) Whenever an employee develops signs or symptoms associated with a hazardous 

chemical to which the employee may have been exposed in the laboratory, the 
employee shall be provided an opportunity to receive an appropriate medical 
examination. 

 
(ii)  Where exposure monitoring reveals an exposure level routinely above the action level 

(or in the absence of an action level, the PEL) 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. (See Appendix  for a list of regulated or listed carcinogens) 

 
(iii) 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 consultation. Such 
consultation shall be for the purpose of determining the need for a medical 
examination. 

 
(2)  All medical examinations and consultations shall be performed by or under the direct 

supervision of a licensed physician and shall be provided without cost to the 
employee without loss of pay and at a reasonable time and place. 

 
(3)  Information provided to the physician. The employer shall provide the following 

information to the physician: 
 

(i)  The identity of the hazardous chemical(s) to which the employee may have been 
exposed; 

 
A description of the conditions under which the exposure occurred including quantitative 

exposure data, if available. 
 
(ii)  A description of the signs and symptoms of exposure that the employee is 
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experiencing, if any. 
 
(4)  Physician's written opinion. 
 
(5)  For examination or consultation required under this standard, the employer shall 

obtain a written opinion from the examining physician which shall include the 
following: 

 
(A) Any recommendation for further medical follow-up; 

 
(B) The results of the medical examination and any associated tests; 
 
(C) Any medical condition which may be revealed in the course of the examination which 

may place the employee at increased risk as a result of exposure to a hazardous 
chemical found in the workplace; and, 

 
(D) A statement that the employee has been informed by the physician of the results of 

the consultation or medical examination and any medical condition that may require 
further examination or treatment. 

 
(iii) The written opinion shall not reveal specific findings of diagnoses unrelated to 

occupational exposure. 
 
The department head or his/her designee shall ensure that the following information is provided 
to the physician: 
 

1. The identity of the chemical involved in the exposure 
 
2. A description of conditions relating to the exposure 
 
3. Any quantitative data available regarding the exposure 
 
4. Description of signs and symptoms 

 
The department head or his/her designee shall ensure that the following information is obtained 
from the physician in writing: 
 

1. Recommendation of medical follow-up 
 
2. Results of the medical examination and associated tests 
 
3. Any medical condition revealed in the course of the examination that may place the 

affected person at increased risk as a result of the exposure. 
 
4. A statement that the physician has informed the affected person of the results of the 

consultation or examination and any medical condition that may require further 
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treatment 
 
The physician shall not reveal specific findings or diagnoses unrelated to the chemical exposure. 
All medical records shall be kept as part of an employee’s or student’s permanent file. 
 
B.  Medical Program 
 
1. Compliance:  Regular medical surveillance programs are established to the extent required by 

regulations. Clemson’s Nursing Center has the responsibility to administer the medical 
surveillance program through the Medical Surveillance Office. 

 
2. Surveillance: Anyone whose work involves regular and frequent use of chemicals that can be 

harmful to humans (through skin absorption or inhalation) in such a manner as to potentially 
expose them to concentrations approaching or above recognized exposure levels should 
consult the Office of Environmental Health and Safety and Nursing’s Medical Surveillance 
Office to determine on an individual basis whether a regular schedule of medical surveillance 
is desirable. 

 
Medical surveillance can include pre-employment health assessment, periodic health assessment, 
and medical monitoring. Medical surveillance is considered for each project for which an 
application (MOU) is made to the Institutional Biosafety Committee. 
 
Supervisors should give special consideration to the pregnant worker and/or the fetus that may be 
exposed to hazardous chemicals. (see Embryotoxins, next section) 
 
Medical surveillance programs currently exist for personnel who work with the following 
hazardous chemicals/physical agents or in potentially hazardous areas: 
 

(1) Asbestos 
(2) Lead 
(2) Work requiring the use of a respirator 
(3)   Animal Care Workers  
(4)   Workers with potential exposure to bloodborne pathogens 
(5)   Workers with potential exposure to tetanus/diptheria 
(6)   Workers with exposure to wild-caught rodents 

 
3.  The department head shall ensure that all personnel are aware of hazard(s) and that they will 

follow appropriate precautions in accordance with University policies and government 
regulations. This responsibility is usually delegated to laboratory supervisors and/or PIs. The 
supervisor or PI must ensure that all appropriate medical precautions recommended by the 
Medical Surveillance Office are followed. 

 
4.  First Aid: Medical services are available at the Redfern Health Center on campus until 4:30 

pm weekdays. For accidents, injuries, or exposures occurring after 4:30pm, employees 
should be taken to the Clemson Health Center on Highway 123 in Clemson or to the 
emergency room of either the Oconee Memorial Hospital or the Anderson Memorial 
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Hospital. 
 
5.  Medical Records: All medical records should be retained by the institution in accordance 

with the requirements of state and federal regulations. 
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C. Laboratory Specific Medical Requirements. 
 

List laboratory specific medical consultations and examinations here. Contact Clemson  
University’s Occupational Health Nurse at 656-5529 for information and assistance. 
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VIII.  Particularly Hazardous Substances 
 
Many of the chemicals encountered in the laboratory are known to be toxic or corrosive or both.  
New and untested substances that may be hazardous are also frequently encountered. Thus, it is 
essential that all laboratory workers understand the types of toxicity, know the routes of 
exposure, and recognize the major classes of toxic and corrosive chemicals. 
 
When considering possible toxicity hazards while planning an experiment, it is important to 
recognize that the combination of the toxic effects of two substances may be significantly greater 
than the toxic effect of either substance alone. Because most chemical reactions are likely to 
contain mixtures of substances whose combined toxicities have never been evaluated, it is 
prudent to assume that mixtures of different substances (i.e., chemical reaction mixtures) will be 
more toxic than the most toxic ingredient contained in the mixture. Furthermore, chemical 
reactions involving two or more substances may form reaction products that are significantly 
more toxic than the starting reactants. This possibility of generating toxic reaction products may 
not be anticipated by the laboratory worker in cases where the reactants are mixed 
unintentionally. For example, successive treatments of a surface or an object with aqueous 
ammonia and then with sodium hypochlorite or other positive-halogen reagents may generate 
hydrazine, a substance that poses both acute and chronic toxicity hazards. Similarly, inadvertent 
mixing of formaldehyde (a common tissue fixative) and hydrogen chloride could result in the 
generation Of bis(chloromethyl) ether, a potent human carcinogen. 
 
A.  ROUTES OF EXPOSURE 
 
Exposure to chemicals may occur by the following routes: 
 

1. inhalation, 
2. ingestion, 
3. contact with skin and eyes, or 
4. injection. 

 
1.  INHALATION 
 
Inhalation of toxic vapors, mists, gases, or dusts can produce poisoning by absorption through 
the mucous membrane of the mouth, throat, and lungs and can seriously damage these tissues by 
local action. Inhaled gases or vapors may pass rapidly into the capillaries of the lungs and be 
carried into the circulatory system.  This absorption can be extremely rapid. The rate will vary 
with the concentration of the toxic substance, its solubility in tissue fluids, the depth of 
respiration, and the amount of blood circulation, which means that it will be much higher when 
the person is active than when he or she is at rest. 
 
The degree of injury resulting from exposure to toxic vapors, mists, gases, and dusts depends on 
the toxicity of the material and its solubility in tissue fluids, as well as on its concentration and 
the duration of exposure. Chemical activity and the time of response after exposure are not 
necessarily a measure of the degree of toxicity. Several chemicals (e.g., mercury and its 
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derivatives) and some of the common solvents (benzene) are cumulative poisons that can 
produce body damage through exposure to small concentrations over a long period of time. 
 
2.  INGESTION 
 
Many of the chemicals used in the laboratory are extremely dangerous if they enter the mouth 
and are swallowed. 
 
The relative acute toxicity of a chemical can be evaluated by determining its LD50, which is 
defined as the quantity of material that, when ingested or applied to the skin in a single dose, will 
cause the death of 50% of the test animals. It is expressed in grams or milligrams per kilogram of 
body weight. In addition, many chemicals may damage the tissues of the mouth, nose, throat, 
lungs, and gastrointestinal tract and produce systemic poisoning if absorbed through the tissues. 
 
To prevent entry of toxic chemicals into the mouth, laboratory workers will wash their hands 
before eating, smoking, or applying cosmetics; immediately after use of any toxic substance; and 
before leaving the laboratory. Food and drink may not be stored or consumed in areas where 
hazardous chemicals, radioactive materials, or biohazardous materials are being used. Chemicals 
should never be tasted; and pipetting and siphoning of liquids should never be done by mouth. 
 
3.  CONTACT WITH SKIN AND EYES 
 
Contact with the skin is a frequent mode of chemical injury. A common result of skin contact is a 
localized irritation, but an appreciable number of materials are absorbed through the skin with 
sufficient rapidity to produce systemic poisoning. The main portals of entry for chemicals 
through the skin are the hair follicles, sebaceous glands, sweat glands, and cuts or abrasions of 
the outer layers of the skin. The follicles and glands are abundantly supplied with blood vessels, 
which facilitates the absorption of chemicals into the body. 
 
Contact of chemicals with the eyes is of particular concern because these organs are so sensitive 
to irritants. Few substances are innocuous in contact with the eyes; most are painful and 
irritating, and a considerable number are capable of causing burns and loss of vision. Alkaline 
materials, phenols, and strong acids are particularly corrosive and can cause permanent loss of 
vision. Also, eyes are very vascular and provide for rapid absorption of many chemicals. 
 
Skin and eye contact with chemicals should be avoided by use of appropriate protective 
equipment. 
 
In the event of skin contact, the affected areas should be flushed with water and medical 
attention should be sought if symptoms persist; in the event of eye contact, the eye(s) should be 
flushed with water for 15 min and medical attention should be sought whether or not symptoms 
persist. 
 
4.  INJECTION 
Exposure to toxic chemicals by injection seldom occurs in the chemical laboratory. However, it 
can inadvertently occur through mechanical injury from glass or metal contaminated with 
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chemicals or when chemicals are handled in syringes. 
 
B.  Handling Procedures for Various Substances 
 
The toxicity of a material is due to its ability to damage or interfere with the metabolism of living 
tissue. An acutely toxic substance can cause damage as the result of a single or short-duration 
exposure. A chronically toxic substance causes damage after repeated or long-duration exposure 
or that becomes evident only after a long latency period. Hydrogen cyanide, hydrogen sulfide, 
and nitrogen dioxide are examples of acute poisons. Chronic poisons include all carcinogens and 
many metals and their compounds (such as mercury and lead and their derivatives). Chronic 
toxins are particularly insidious because of their long latency periods. The cumulative effects of 
low exposures may not be apparent for many years. Some chemicals, (e.g., vinyl chloride), can 
be either acutely or chronically toxic, depending on the degree of exposure. All new and untested 
chemicals should be regarded as toxic until proven otherwise. 
 
EMBRYOTOXINS 
 
Embryotoxins are substances that act during pregnancy to cause adverse effects on the fetus. 
These effects include embryo lethality (death of the fertilized egg, the embryo, or the fetus), 
malformations (teratogenic effects), retarded growth, and postnatal functional deficits. 
 
Women of child bearing age, particularly women who are pregnant, must not be subjected to 
increased risk of exposure to possible or known teratogenic agents while employed or in training 
at Clemson University. In those circumstances where a risk exists, the woman is responsible for 
reporting pregnancy (in writing) to her supervisor so that appropriate action can be taken. 
 
A few substances have been demonstrated to be embryotoxic in humans. These include 
organomercurials, lead compounds, and the formerly used sedative, thalidomide. Maternal 
alcoholism is probably the leading known cause of embryotoxic effects in humans, but the 
exposure to ethanol encountered in laboratories is unlikely to be embryotoxic. Many substances, 
some common (e.g., sodium chloride), have been shown to be embryotoxic to animals at some 
exposure level, but usually this is at a considerably higher level than is met in the course of 
normal laboratory work. However, some substances do require special controls because of 
embryotoxic properties. One example is formamide; women of child-bearing potential should 
handle this substance only in a hood and should take precautions to avoid skin contact with the 
liquid because of the ease with which it passes through the skin. 
 
Because the period of greatest susceptibility to embryotoxins is the first 8-12 weeks of 
pregnancy, which includes a period when a woman may not know she is pregnant, women of 
child-bearing potential should take care to avoid skin contact with and inhalation of all 
chemicals. The following procedures are recommended to be followed routinely by women of 
child-bearing potential in working with chemicals requiring special control because of 
embryotoxic properties: 
 

1. Each use should be reviewed for particular hazards by the research supervisor, who 
will decide whether special procedures are warranted or whether warning signs 
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should be posted. Consultation with appropriate Environmental Health and Safety 
personnel may be desirable. In cases of continued use of a known embryotoxin, the 
operation should be reviewed annually or whenever a change in procedures is made. 

 
2.  Embryotoxins requiring special control should be stored in an adequately ventilated 

area. The container should be labeled in a clear manner such as the following: 
EMBRYOTOXIN: READ SPECIFIC PROCEDURES FOR USE.  If the storage 
container is breakable, it should be kept in an impermeable, unbreakable secondary 
container having sufficient capacity to retain the material should the primary 
container accidentally break. 

 
3.  Women of child-bearing potential should take all possible precautions to guard 

against spills and splashes. Operations should be carried out using impermeable 
containers and in adequately ventilated areas. Appropriate safety apparel, especially 
gloves, should be worn. All hoods, glove boxes, or other essential engineering 
controls will be known to be operating at required efficiency before work is started. 

 
4.  Supervisors should be notified of the pregnancy of an employee who is working with 

or could be required to work with any embryotoxic chemical. This notification should 
be made by the employee in writing as soon as possible after positive test results for 
pregnancy have been received. 

 
5.  Supervisors should be notified of all incidents of exposure or spills of embryotoxins 

requiring special control. A Redfern Health Center physician will be consulted about 
any exposures of women of child-bearing potential where exposure of any type has 
occurred. 

 
6.  No live virus vaccine should be administered to a pregnant employee. If a pregnant 

employee is required to receive a live virus vaccine to perform her duties, she should 
be excluded from these duties during her pregnancy. 

 
7.  Since no information on the potential teratogenic effects of most microorganisms is 

available, the risk of laboratory infection with any microorganisms should be kept to 
a minimum during pregnancy. Those viruses to which the woman is known to be 
immune (that is, by serologic testing) can be safely worked with. Viruses or other 
microorganisms to which the woman is not known to be immune should be handled 
only under generally acceptable safe conditions (that is by inoculation of invitro 
cultures, etc.). Depending on the agent involved, work with such microorganisms 
which involves animal inoculation or infectious aerosols should be kept to a 
minimum or entirely eliminated. 

 
8. Laboratory exposure to radioactive materials should be kept “as low as reasonably 

achievable” during pregnancy. Contact the Institutional Radiation Safety Officer 
(656-7165) for training on Nuclear Regulatory Commission’s Reg. Guide 8.13 
“Instruction Concerning Prenatal Radiation Exposure”. 
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REPRODUCTIVE TOXINS 
 
Chemicals can affect both adult male and female reproductive systems. Reproductive hazards 
affect people in a number of ways, including mental disorders, loss of sexual drive, impotence, 
infertility, sterility, mutagenic effects on cells, teratogenic effects on the fetus, and transplacental 
carcinogenesis. Consult the Material Safety Data Sheet and other information available on 
possible reproductive hazards. Handle these materials in a properly functioning chemical hood 
with appropriate PPE and indicated by the MSDS, product label, etc.  
 
ALLERGENS 
 
A wide variety of substances can produce skin and lung hypersensitivity. Examples include such 
common substances as diazomethane, chromium, nickel, bichromates, formaldehyde, 
isocyanates, and certain phenols. Because of this variety and because of the varying response of 
individuals, suitable gloves should be used whenever hand contact with products of unknown 
activity is probable. 
 
CORROSIVE CHEMICALS 
 
The major classes of corrosive chemicals are strong acids and bases, dehydrating agents, and 
oxidizing agents. Some chemicals, e.g., sulfuric acid, belong to more than one class. Inhalation 
of vapors or mists of these substances can cause severe bronchial irritation. These chemicals 
erode the skin and the respiratory epithelium and are particularly damaging to the eyes. Special 
care should be taken to select the appropriate glove material. Safety goggles and in many case a 
face shield should be worn when handling corrosive chemicals.   
 
STRONG ACIDS 
 
All concentrated strong acids can damage the skin and eyes. Exposed areas should be flushed 
promptly with water. Nitric, chromic, and hydrofluoric acids are especially damaging because of 
the types of burns they inflict. Hydrofluoric acid, which produces slow-healing, painful burns 
should be used only after thorough familiarization with recommended handling procedures. 
Ensure that the proper glove material is selected. Safety goggles with a face shield and any other 
PPE as described by the MSDS, label, etc. These materials should be handled only in a chemical 
hood. (see Appendix G for handling Hydrofluoric acid). 
 
STRONG BASES 
 

The common strong bases are potassium hydroxide, sodium hydroxide, and ammonia. Ammonia 
is a severe bronchial irritant and should always be used in a well-ventilated area. The metal 
hydroxides are extremely damaging to the eyes. Should exposure occur, the affected areas should 
be washed at once with copious quantities of water and an opthalmologist should evaluate the 
need for further treatment. Use appropriate PPE as described by the MSDS, product label, etc.  
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DEHYDRATING AGENTS 
 
The strong dehydrating agents include concentrated sulfuric acid, sodium hydroxide, phosphorus 
pentoxide, and calcium oxide. Because much heat is evolved on mixing these substances with 
water, mixing should always be done by adding the agent to water to avoid violent reaction and 
spattering. Because of their affinity for water, these substances cause severe burns on contact 
with the skin. Affected areas should be washed promptly with large volumes of water. 
 
 
OXIDIZING AGENTS 
 
In addition to their corrosive properties, powerful oxidizing agents such as perchloric, nitric, and 
chromic acids, present fire and explosion hazards on contact with organic compounds and other 
oxidizable substances. The hazards associated with the use of perchloric acid are especially 
severe; it should be handled only after thorough familiarization with recommended procedures. 
Strong oxidizing agents should be stored and used in glass or other inert containers (preferably 
unbreakable), and corks and rubber stoppers should not be used. Reaction vessels containing 
significant quantities of these reagents should be heated by using fiberglass mantles or sand baths 
rather than oil baths. Use in a chemical hood. Use proper gloves, goggles, and face shield, lab 
coat (and possibly apron). 
 
TYPES OF HANDLING PROCEDURES 
 
Recommendations for handling procedures for chemicals begin with the admonition that, even 
for substances of no known significant hazard, it is prudent to observe good laboratory practice, 
minimizing exposure by working in an exhaust hood and wearing eye and hand protection and 
laboratory coat or apron. For the case of substances that present special hazards, we call attention 
to the following procedures for minimizing risk for toxic substances, the procedures fall into 
three groups: 
OSHA has published detailed procedures (29 CFR 1910; also 45 Fed. Reg. 5002-5296) for 
working with substances that have classified as carcinogens. Anyone contemplating work with 
materials on this list should consult the regulations to be advised of the necessary approvals, 
training, working conditions, monitoring, record-keeping, and medical surveillance. In addition, 
if a worker anticipates that an OSHA-regulated carcinogen might be a product or an impurity, the 
regulations should be consulted (e.g., N-phenyl-1,4-benzenediamine (semidine) can contain 
substantial benzidine impurity). 
 
1. Procedure A should be followed in laboratory operations using substances for which 

infrequent, small quantities do not constitute a significant carcinogenic hazard but which can 
be dangerous to those exposed to high concentrations or repeated small doses. A substance 
that is not known to cause cancer in humans, but which has shown statistically significant, 
but low, carcinogenic potency in animals, generally should be handled according to 
Procedure A. 

 
2.  Procedure B should be followed in laboratory operations using those substances believed to 
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be moderately to highly toxic, even when used in small amounts. A substance that has caused 
cancer in humans or has shown high carcinogenic potency in test animals (but for which a 
regulatory standard has not been issued by OSHA) will generally require the use of 
Procedure B. However, before choosing Procedure A, other factors, such as the physical 
form and volatility of the substance, the kind and duration of exposure, and the amount to be 
used should also be considered. A substance is deemed to have moderate to high 
carcinogenic potency in test animals if it causes statistically significant tumor incidence (a) 
after inhalation exposure of 6-7 hours per day, 5 days per week, for a significant portion of a 
lifetime to dosages of less than 10 mg/ml, or (b) after repeated skin application of less than 
300 (mg/kg of body weight) per week, or (c) after oral dosages of less than 50 (mg/kg of 
body weight) per day.  

 
Many of the general recommendations for safe practices in the laboratory are especially 
applicable to the handling of corrosive substances. It is also important that attention be given to 
the use of protective apparel and safety equipment. In addition, the storage, disposal, and cleanup 
of corrosive substances require special care. Bottles of corrosive liquids should be stored in acid 
containers or in polyethylene or lead trays or containers large enough to contain the contents of 
the bottles; most major suppliers will provide acids in plastic-coated glass bottles, which are 
much less likely to break than ordinary bottles. To ensure that mutually reactive chemicals 
cannot accidentally contact one another, such substances should not be stored in the same trays 
unless they are in unbreakable, corrosion-resistant secondary containers. In disposal of corrosive 
substances, care must be taken not to mix them with other potentially reactive wastes.  
 
 
 (PROCEDURE A) 
 

GENERAL PROCEDURES AND PRECAUTIONS FOR WORKING WITH 
SUBSTANCES OF MODERATE CHRONIC OR HIGH ACUTE TOXICITY 

 
Before beginning a laboratory operation, each worker is strongly advised to consult one of the 
standard compilations that list toxic properties of known substances and learn what is known 
about the substances that will be used. The precautions and procedures described below (termed 
Procedure A in this report) should be followed if any of the substances to be used in significant 
quantities is known to be moderately or highly toxic. (If any of the substances being used is 
known to be highly toxic, it is desirable that there be two people present in the area at all times). 
These procedures should also be followed if the toxicological properties of any of the substances 
being used or prepared are unknown. If any of the substances to be used or prepared are known 
to have high chronic toxicity (e.g., compounds of heavy metals and strong carcinogens), then the 
precautions and procedures described below should be supplemented with additional precautions 
(termed Procedure B, which follow Procedure A in this report) to aid in containing and, 
ultimately, destroying substances having high chronic toxicity. 
 
The overall objective of Procedure A is to minimize exposure of the laboratory worker to toxic 
substances, by any route of exposure, by taking all reasonable precautions. Whenever a toxic 
substance is being transferred from one container to another or is being subjected to some 
chemical or physical manipulation. The following three precautions should always be followed: 
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1.  Protect the hands and forearms by wearing either gloves and a laboratory coat or suitable 

long gloves (gauntlets) and a lab apron to avoid contact of toxic material with the skin. 
Appropriate protective eyewear and face protection must be worn. 

 
2.  Procedures involving volatile toxic substances and those involving solid or liquid toxic 

substances that may result in the generation of aerosols must be conducted in a hood or 
other suitable containment device.  

 
3.  After working with toxic materials, wash the hands and arms immediately. Never eat, drink, 

smoke, chew gum, apply cosmetics, take medicine, or store food in areas where toxic 
substances are being used. 

 
These standard precautions will provide laboratory workers with good protection from most 
toxic substances. In addition, records that include amounts of material used and names of 
workers involved should be kept as part of the laboratory notebook record of the experiment. To 
minimize hazards from accidental breakage of apparatus or spills of toxic substances in the hood, 
containers of such substances should be stored in pans or trays made of polyethylene or other 
chemically resistant material and apparatus should be mounted above trays of the same type of 
material. Alternatively, the working surface of the hood can be fitted with a removable liner of 
adsorbent plastic-backed paper. Such procedures will contain spilled toxic substances in a pan, 
tray, or adsorbent liner and greatly simplify subsequent cleanup and disposal. Vapors that are 
discharged from the apparatus should be trapped or condensed to avoid adding substantial 
amounts of toxic vapor to the hood exhaust air. Areas where toxic substances are being used and 
stored should have restricted access, and special warning signs should be posted if a special 
toxicity hazard exists. 
 
The laboratory worker should be prepared for possible accidents or spills involving toxic 
substances. If a toxic substance contacts the skin, a safety shower should be used to drench the 
affected area for 15 minutes. Contaminated clothing and shoes should be thoroughly 
decontaminated or incinerated. See Appendix D for information on handling spills. 
 
(PROCEDURE B) 
 
ADDITIONAL PROCEDURES AND PRECAUTIONS FOR WORKING WITH 
SUBSTANCES OF KNOWN HIGH CHRONIC TOXICITY 
 
All of the procedures and precautions described above should be followed when working with 
substances known to have high chronic toxicity (Procedure A). In addition, when such 
substances are to be used in quantities in excess of a few milligrams to a few grams (depending 
on the hazard posed by the particular substance), the additional precautions described below 
(termed Procedure B) should be used. Laboratory work involving these chemicals must have 
approval of the IBC and arrangements for disposal of waste materials must be made with the 
Hazardous Waste Manager of the Department of Environmental Health and Safety. 
Substances in this high-chronic-toxicity category include certain heavy metal compounds (e.g., 
dimethylmercury and nickel carbonyl) and compounds normally classified as strong carcinogens. 
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Accurate records of the amounts of such substances being stored and of the amounts used, dates 
of use, and names of users should be maintained. It may be appropriate to keep such records as 
part of the books, but it must be understood that the research supervisor is responsible for 
ensuring that accurate records are kept. Any volatile substances having high chronic toxicity 
should be stored in a ventilated storage area in a secondary tray or container having sufficient 
capacity to contain the material should the primary container accidentally break. All containers 
of substances of this category should have labels that identify the contents and include a warning 
such as the following: WARNING! HIGH CHRONIC TOXICITY or CANCER-SUSPECT 
AGENT! Storage areas for substances in this category should have limited access, and special 
signs should be posted if a special toxicity hazard exists. Any area used for storage of substances 
of high chronic toxicity should be maintained under negative pressure with respect to 
surrounding areas.  
 
All experiments with and transfers of such substances or mixtures containing such substances 
should be done in a controlled area. A controlled area in this case could be a laboratory, a portion 
of a laboratory, or a facility such as an exhaust hood or a glove box that is designed for the use of 
highly toxic substances. Its use need not be restricted to the handling of toxic substances if all 
personnel who have access to the controlled area are aware of the nature of the substances being 
used and the precautions that are necessary. When a negative-pressure glove box in which work 
is done through attached gloves is used, the ventilation rate in the glove box should be at least 
two volume changes per hour, the pressure should be at least 0.5 inches of water lower than that 
of the external environment, and the exit gases should be passed through a trap or HEPA filter. 
Positive-pressure glove boxes are normally used to provide an inert anhydrous atmosphere. If 
these glove boxes are used with highly toxic compounds, then the box should be thoroughly 
checked for leaks before each use and the exit gases should be passed through a suitable trap or 
filter. Laboratory vacuum pumps used with substances having high chronic toxicity should be 
protected by high-efficiency scrubbers or HEPA filters and vented into an exhaust hood. Motor-
driven vacuum pumps are recommended because they are easy to decontaminate (Note: 
decontamination of a vacuum pump should be carried out in an exhaust hood). Controlled areas 
should be clearly marked with a conspicuous sign such as the following: WARNING: TOXIC 
SUBSTANCE IN USE or CANCER-SUSPECT AGENT: AUTHORIZED PERSONNEL 
ONLY. Only authorized and instructed personnel should be allowed to work in or have access to 
controlled areas. 
 
Proper gloves should be worn when transferring or otherwise handling substances or solutions of 
substances having high chronic toxicity. In some cases, the laboratory worker or the research 
supervisor may deem it advisable to use other protective apparel. Extreme precautions such as 
these might be taken, for example, when handling large amounts of certain heavy metals and 
their derivatives or compounds known to be potent carcinogens. Surfaces on which high-chronic-
toxicity substances are handled should be protected from contamination by using chemically 
resistant trays or pans that can be decontaminated after the experiment or by using dry, 
absorbent, plastic-backed paper that can be disposed of after use. 
 
On leaving the controlled area, laboratory workers should remove any protective apparel that has 
been used and thoroughly wash hands, forearms, face, and neck. If disposable apparel or 
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absorbent paper liners have been used, these items should be placed in a closed and impervious 
container that should then be labeled in some manner such as the following: CAUTION: 
CONTENTS CONTAMINATED WITH SUBSTANCES OF HIGH CHRONIC TOXICITY. 
Nondisposable protective apparel should be thoroughly washed, and containers of disposable 
apparel and paper liners should be incinerated. 
 
Normal laboratory work should not be resumed in a space that has been used as a controlled area 
until it has been adequately decontaminated. Work surfaces should be thoroughly washed and 
rinsed. If experiments have involved the use of finely divided solid materials, dry sweeping 
should not be done. In such cases, surfaces should be cleaned by wet mopping or by use of a 
vacuum cleaner equipped with a high efficiency particulate air (HEPA) filter. All equipment 
(e.g., glassware, vacuum traps, and containers) that is known or suspected to have been in 
contact with substances of high chronic toxicity should be washed and rinsed before they are 
removed from the controlled area. 
 
EXAMPLE 
 
Mercury and its compounds 
 
Metallic mercury (Hg) is widely used in laboratory instruments, and mercury compounds are 
used in many laboratory experiments. 
 
Physical Properties 
 
Mercury (atomic weight 200.61) is a heavy, silvery white, shining metal that is liquid at ordinary 
room temperatures. It has a melting point of -38.9C, a boiling point of 356.9C, and a specific 
gravity of 13.595 at 4C. It is insoluble in water. Its vapors are colorless, odorless, and tasteless. 
 
Toxicity 
 
Metallic Hg and mercury compounds can be absorbed into the body by inhalation, ingestion, or 
contact with the skin. Mercury is a subtle poison, the effects of which are cumulative and not 
readily reversible. The maximum exposure level (time-weighted average) for mercury 
compounds is 0.05 mg/m3; the TLV for organic mercury compounds is 0.001 ppm. Mercury 
poisoning from exposure by chronic inhalation produces a variety of symptoms. The 
characteristic effects are emotional disturbances, unsteadiness, inflammation of the mouth and 
gums, general fatigue, memory loss, and headaches. Kidney damage may result from poisoning 
by mercurial salts.  
In most cases of exposure by chronic inhalation, the symptoms of poisoning gradually disappear 
when the source of exposure is removed. However, improvement may be slow and complete 
recovery may take years. Skin contact with mercury compounds produces irritation and various 
degrees of corrosion. Soluble mercury salts can be absorbed through the intact skin and produce 
poisoning. 
 
Handling Procedures 
Every effort should be made to prevent spills of metallic Hg because the substance is extremely 
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difficult and time consuming to pick up. Droplets get into cracks and crevices, under table legs, 
and under and into equipment. If spills are frequent and Hg is added to the general air level, the 
combined concentration of Hg may exceed the allowable limits. 
Storage - Containers of Hg should be kept closed and stored in secondary containers in a well-
ventilated area. When breakage of instruments of apparatus containing Hg is a possibility, the 
equipment should be placed in an enameled or plastic tray or pan that can be cleaned easily and 
is large enough to contain the Hg. Transfers of Hg from one container to another should be 
carried out in a hood, over a tray or pan to confine any spills. 
Cleanup of Spills – see Appendix D 
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B. Laboratory Specific Operating Procedures 
 
Place laboratory specific operating procedures for working with particularly hazardous 
substances, here. (See Appendix K for guidelines on developing SOPs) 
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IX.  Employee Information and Training  
 
A. General Requirements 
The employer shall provide employees with information and training to ensure that they are  
apprised of the hazards of chemicals present in their work area. Such information shall be  
provided at the time of an employee’s initial assignment to a work area where hazardous  
chemicals are present and prior to assignments involving new exposure situations.  
 

1.  Employee Information  
 
a. The contents of 29CFR 1910.1450 “OCCUPATIONAL EXPOSURE TO 

HAZARDOUS CHEMICALS IN LABORATORIES” and its appendices shall be 
made available to employees. 

 
b. The location and availability of the employer’s Chemical Hygiene Plan. 
 
c. The permissible exposure limits for OSHA regulated substances or recommended 

exposure limits for other hazardous chemicals where there is no applicable OSHA 
standard. 

 
d. Signs and symptoms associated with exposures to hazardous chemicals used in the 

laboratory  
 
e. The location and availability of known reference material on the hazards, safe 

handling, storage and disposal of hazardous chemicals found in the laboratory 
including, but not limited to, Material Safety Data Sheets (MSDS) received from the 
manufacturer. 

 
2. Training 
 

1.  Responsibility: It is the responsibility of the PI/supervisor to provide training on  
      laboratory-specific hazards such as special equipment used in the lab or 

particularly hazardous substances. This training should include specific 
equipment, chemicals, etc. for which laboratory-specific SOPs have been 
developed (see Section II, B). Having employees read SOPs and sign a statement 
that they have read and understand these SOPs, and covering the topics listed 
below should be part of this training.  

       It is the responsibility of the PI/supervisor to recognize when training is needed 
for his/her employees and to arrange for such training. For information on 
individual personnel to contact for specific safety and health required training, see 
Appendix J. Contact EHS for information and scheduling for any other safety and 
health training needed in your area. 

 
2.  Topics: The training each employee receives shall include all of the following, as 

they apply to their work area. 
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a. Hazard Detection: Methods and observations that may be used to detect the 

presence or release of a hazardous chemical (such as monitoring conducted by 
the employer, continuous monitoring devices, visual appearance or odor of 
hazardous chemicals when being released, etc.) 

 
b. Chemical Hazards: The physical and health hazards of chemicals in the work 

area 
 
c. Employee Protection: The measures employees can take to protect 

themselves from these hazards, including specific procedures the employer 
has implemented to protect employees from exposure to hazardous chemicals, 
such as appropriate work practices, emergency procedures, and personal 
protective equipment to be used. 

 
d. Emergency and Personal Protection Procedures: Every laboratory worker 

should know the location and proper use of available protective apparel and 
equipment. Personnel of the laboratory should be trained in the proper use of 
emergency equipment and procedures. 

 
e. Personnel Protection: Personnel who receive, deliver, operate stockrooms or 

storerooms of hazardous materials/chemicals must be trained in the hazards, 
handling equipment, protective apparel, and relevant regulations pertaining to 
hazardous materials. 

 
3. Frequency of Training: Training must initiate at the time of an employee's initial 

assignment to a work area where hazardous chemicals are present and prior to 
assignments involving new exposure situations. The training and education program 
should be a regular, continuing activity--not simply an annual presentation. 

 
4. Literature/Consultation: Literature and consulting advice concerning chemical 

hygiene should be readily available to laboratory personnel, who should be 
encouraged to use these information resources. (See Appendix J "TRAINING AIDS 
AND INFORMATION RESOURCES"). 
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B.  Laboratory Specific Training Requirements 

 
Place specific laboratory training requirements here. (See Appendix J) 
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X.  ACRONYNMS, DEFINITIONS, AND COMMON TERMS USED IN MATERIAL 
SAFETY DATA SHEETS 
 
Acid - Any chemical which undergoes dissociation in water with the formation of hydrogen ions. 
Acids turn litmus paper red and have pH values of 0 to 6. They may cause severe skin burns. 
 
Acute Effect - Adverse effect on a human or animal which has severe symptoms developing 
rapidly and coming quickly to a crisis. Also see chronic effect. 
 
Acute Toxicity - Acute effects resulting from a single dose of or exposure to a substance. 
Ordinarily used to denote effects in experimental animals. 
 
ACGIH - American Conference of Governmental Industrial Hygienists is an organization of 
professional personnel in governmental agencies or educational institutions who are employed in 
occupational safety and health programs. 
 
Aerosol - A fine aerial suspension of particles sufficiently small in size to confer some degree of 
stability from sedimentation (e.g., smoke or fog). 
 
Air-purifying respirator - A respirator that uses chemicals to remove specific gases and vapors 
from the air or that uses a mechanical filter to remove particulate matter. An air-purifying 
respirator must only be used when there is sufficient oxygen to sustain life and the air 
contaminant level is below the concentration limits of the device.  
 
Alkali - The hydroxides and carbonates of the alkali metals and alkaline earth metals. They 
neutralize acids, impart a soapy feel to aqueous solutions and are the commonest cause of 
occupational dermatitis. 
 
Allergic Reaction - An abnormal physiological response to chemical or physical stimuli. 
 
Anesthetic - A chemical that causes a total or partial loss of sensation. Overexposure to 
anesthetics can cause impaired judgement, dizziness, drowsiness, headache, unconsciousness, 
and even death. Examples include alcohol, paint remover, and degreasers. 
 
ANSI - American National Standards Institute is a privately funded, voluntary membership 
organization that identifies industrial and public needs for national consensus standards and 
coordinates development of such standards. 
 
Asphyxiant - A vapor or gas that can cause unconsciousness or death by suffocation (lack of 
oxygen). Most simple asphyxiants are harmful to the body only when they become so 
concentrated that they reduce oxygen in the air (normally about 21 percent) to dangerous levels 
(18 percent or lower). Asphyxiation is one of the principal potential hazards of working in 
confined and enclosed spaces. 
 
Auto-Ignition Temperature - The minimum temperature required to initiate or cause self-
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sustained combustion independent of the heat source. A steam line or a glowing light bulb may 
ignite carbon disulfide (ignition temperature 80C). Diethyl ether (ignition temperature 160C) can 
be ignited by the surface of a hot plate. 
 
Base - A water soluble compound capable of reacting with an acid to form a salt by releasing an 
unshared pair of electrons to the acid or by receiving a proton from the acid. 
 
Benign - Not recurrent or not tending to progress. 
 
Biodegradable - Capable of being broken down into individual components by the action of 
living things. 
 
Boiling Point - (BP) - The temperature at which a liquid changes to a vapor state at a given 
pressure. The boiling point is usually expressed in degrees Fahrenheit at sea level pressure 
(760mmHg, or one atmosphere). 
 
Bonding - The interconnecting of two objects by means of a clamp and bare wire. Its purpose is 
to equalize the electrical potential between the objects to prevent a static discharge when 
transferring a flammable liquid from one container to another. The conductive path is provided 
by clamps that make contact with the charged object and a low resistance flexible cable which 
allows the charge to equalize. See grounding. 
 
Carcinogen - A substance or agent capable of causing or producing cancer in mammals, 
including humans. A chemical is considered to be a carcinogen if: 
 

a. It has been evaluated by the International Agency for Research on Cancer (IARC) 
and found to be a carcinogen or potential carcinogen; or 

b. It is listed as a carcinogen or potential carcinogen in the Annual Report on 
Carcinogens published by the National Toxicology Program (NTP) (latest 
edition); or 

c. It is regulated by OSHA as a carcinogen. 
 
Carcinogenicity - The ability to produce cancer. 
 
CAS - Chemical Abstracts Service is an organization under the American Chemical Society. 
CAS abstracts and indexes chemical literature from all over the world in "Chemical Abstracts." 
"CAS Numbers" are used to identify specific chemicals or mixtures. 
 
CERCLA - Comprehensive Environmental Response, Compensation, and Liability Act of 1980. 
The Act requires that the Coast Guard National Response Center be notified in the event of a 
hazardous substance release. The Act also provides for a fund (the Superfund) to be used for the 
cleanup of abandoned hazardous waste disposal sites. 
 
CFR - Code of Federal Regulations. A collection of the regulations that have been promulgated 
under United States law. 
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Chemical - Any element, chemical compound or mixture of elements and/or compounds where 
chemical(s) are or distributed. 
 
Chemical Cartridge Respirator - A respirator that uses various chemical substances to purify 
inhaled air of certain gases and vapors. This type respirator is effective for concentrations no 
more than ten times the TLV of the contaminant, if the contaminant has warning properties (odor 
or irritation) below the TLV. 
 
Chemical Name - The name given to a chemical in the nomenclature system developed by the 
International Union of Pure and Applied Chemistry (IUPAC) or the Chemical Abstracts Service 
(CAS). 
 
Chemical Family - A group of single elements or compounds with a common general name. 
Example: acetone, methyl ethyl ketone (MEK), and methyl isobutyl ketone (MIBK) are of the 
"aldehyde" family. 
 
Chemical Source - The arrangement within the molecule of atoms and their chemical bonds. 
 
Chronic Effect - An adverse effect on a human or animal body, with symptoms which develop 
slowly over a long period of time or which recur frequently. Also see "acute." 
 
Chronic Exposure - Long term contact with a substance. 
 
Chronic Toxicity - Adverse (chronic) effects resulting from repeated doses of or exposures to a 
substance over a relatively prolonged period of time. Ordinarily used to denote effects in 
experimental animals. 
 
Compressed Gas - (a) a gas or mixture of gases having, in a container, an absolute pressure 
exceeding 40 pounds per square inch (psi) at 70F (21.1C) or (b) a gas or mixture of gases having, 
in a container, an absolute pressure exceeding 104 psi at 130F (54.4C) regardless of the pressure 
at 70F or (c ) a liquid having a vapor pressure exceeding 40psi at 100F (37.8C) as determined by 
ASTM D-323-72. 
 
Concentration - The relative amount of a substance when combined or mixed with other sub-
stances. Examples: 2 ppm hydrogen sulfide in air, or a 50 percent caustic solution. 
 
Confined Space - Any area that has limited openings for entry and exit that would make escape 
difficult in an emergency, has a lack of ventilation, contains known an potential hazards, and is 
not intended nor designed for continuous human occupancy. 
 
Container - Any bag, barrel, bottle, box, can, cylinder, drum, reaction vessel, storage tank, or the 
like that contains a hazardous chemical. For purposes of material safety data sheets or the Hazard 
Communication Standard, pipes or piping systems are not considered to be containers. 
 
Corrosive - A chemical that causes visible destruction of, or irreversible alterations in, living 
tissue by chemical action at the site of contact. For example, a chemical is considered to be 
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corrosive if, when tested on the intact skin of albino rabbits by the method described by the U.S. 
Department of Transportation in Appendix A to 49 CFR Part 173, it destroys or changes 
irreversibly the structure of the tissue at the site of contact following an exposure period of 4 
hours. This term shall not refer to action on inanimate surfaces. 
 
Decomposition - Breakdown of a material or substance (by heat, chemical reaction, electrolysis, 
decay, or other processes) into parts or elements or simpler compounds 
 
Density - The mass (weight) per unit volume of a substance. 
 
Dermal Toxicity - Adverse effects resulting from skin exposure to a substance. Ordinarily used 
to denote effects in experimental animals. 
 
Dike - A barrier constructed to control or confine hazardous substances and prevent them from 
entering sewers, ditches, streams, or other flowing waters. 
 
DOL - Department of Labor. OSHA and MSHA are part of DOL. 
 
DOT - Department of Transportation regulates transportation of chemicals and other substances. 
 
Edema - An abnormal accumulation of clear watery fluid in the tissues. 
 
Environmental Toxicity - Information obtained as a result of conducting environmental testing 
designed to study the effects on aquatic and plant life. 
 
EPA - U.S. Environmental Protection Agency. 
 
Epidemiology - Science concerned with the study of disease distribution in a general population. 
Determination of the incidence (rate of occurrence) and distribution of a particular disease (as by 
age, sex, or occupation) which may provide information about the cause of the disease. 
 
Evaporation Rate - The rate at which a material will vaporize (evaporate) when compared to the 
known rate of vaporization of a standard material. The evaporation rate can be useful in 
evaluating the health and fire hazards of a material. The designated standard material is usually 
normal butyl acetate (NBUAC or n-BuAc), with a vaporization rate designated as 1.0. 
Vaporization rates of other solvents or materials are then classified as: 

• FAST evaporating if greater than 3.0. Examples: methyl ethyl ketone = 3.8; Acetone 
5.6; Hexane = 8.3. 

• MEDIUM evaporating if 0.8 to 3.0. Examples: 190 proof (95%) Ethyl Alcohol = 1.4, 
VM&P Naphtha = 1.4. 

• SLOW evaporating if less than 0.8. Examples: Xylene = 0.6, Isobutyl Alcohol = 0.6, 
Normal Butyl Alcohol = 0.4, Water = 0.3, Mineral Spirits = 0.1. 

 
Explosive - A chemical that causes a sudden, almost instantaneous release of pressure, gas, and 
heat when subjected to sudden shock, pressure, or high temperature. 
Exposure or Exposed - State of being open and vulnerable to a hazardous chemical in the course 
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of employment by inhalation, ingestion, skin contact, absorption, or any other course; includes 
potential (accidental or possible) exposure. 
 
Flammable - A chemical that includes one of the following categories: 
 

a. "Aerosol, flammable". An aerosol that, when tested by the method described in 16 
CFR 1500.45, yields a flame projection exceeding 18 inches at full valve opening, 
or a flashback (a flame extending back to the valve) at any degree of valve 
opening. 

b. "Gas, flammable". (1 ) A gas that, at ambient temperature and pressure, forms a 
flammable mixture with air at a concentration of 13 percent by volume or less; or 
(2) A gas that, at ambient temperature and pressure, forms a range of flammable 
mixtures with air wider than 12 percent by volume, regardless of the lower limit. 

c. "Liquid, flammable". Any liquid having a flashpoint below 100°F (37.8°C),except 
any mixture having components with flashpoints of 100°F (37.8°C) or higher, the 
total of which make up 99 percent or more of the total volume of mixture. 

d. "Solid, flammable." A solid, other than a blasting agent or explosive as defined in 
1910.109(a), that is liable to cause fire through friction, absorption of moisture, 
spontaneous chemical change, or retained heat from manufacturing or processing, 
or which can be ignited readily and when ignited burns so vigorously and persis-
tently as to create a serious hazard. A is a flammable solid if, when tested by the 
method described in 16 CFR 1500.44, it ignites and burns with a self sustained 
flame at a rate greater than one tenth of an inch per second along its major axis. 

 
FIFRA - Federal Insecticide, Fungicide, and Rodenticide Act.  
 
Flashpoint - The minimum temperature at which a liquid gives off a vapor in sufficient concen-
tration to ignite when tested by the following methods: 
 

a. Tagliabue Closed Tester (see American National Standard Method of Test for 
Flash Point by Tag Closed Tester, Z11.24 -1979 [ASTM D56-79]). 

b. Pensky-Martens Closed Tester (see American National Standard Method of Test 
for Flash Point by Pensky-Martens Closed Tester, Z11.7-1979 [ASTM D93-79l). 

c. Setaflash Closed Tester (see American National Standard Method of Test for 
Flash Point by Setaflash ClosedTester [ASTM D3278-78]). 

 
Foreseeable Emergency - Any potential occurrence such as, but not limited to, equipment failure, 
rupture or containers, or failure of control equipment which could result in an uncontrolled 
release of a hazardous chemical into the workplace. 
 
Fume - A solid condensation particle of extremely small diameter, commonly generated from 
molten metal as metal fume. 
 
Grounding - The procedure used to carry an electrical charge to ground through a conductive 
path. A typical ground may be connected directly to a conductive water pipe or to a grounding 
but and ground rod. See Bonding. 
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Hazard Warning - Words, pictures, symbols, or combination thereof presented on a label or other 
appropriate form to inform of the presence of various materials. 
 
Hazardous Chemical - Any chemical whose presence or use is a physical hazard or a health 
hazard. 
 
HCS - Hazard Communication Standard is an OSHA regulation issued under 29 CFR Part 
1910.1200. 
 
Health Hazard - A chemical for which there is 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. The term "health hazard" includes chemicals which are 
carcinogens, toxic or highly toxic agents, reproductive toxins, irritants, corrosives, sensitizers, 
hepatotoxins, nephrotoxins, neurotoxins, agents which act on the hematopoietic system, and 
agents which damage the lungs, skin, eyes, or mucous membranes. 
 
Hematopoietic System - The blood forming mechanism of the human body. 
 
Hepatotoxin - A substance that causes injury to the liver. 
 
Highly Toxic - A chemical falling within any of the following categories: 
 

a. A chemical with a median lethal dose (LD50) of 50 milligrams or less per 
kilogram of body weight when administered orally to albino rats weighing 
between 200 and 300 grams each. 

b. A chemical with a median lethal dose (LD50) of 200 milligrams or less per kilo-
gram of body weight when administered by continuous contact for 24 hours (or 
less if death occurs within 24 hours) with the bare skin of albino rabbits weighing 
between 2 and 3 kilograms each. 

c. A chemical that has a median lethal concentration (LC50) in air of 200 parts per 
million by volume or less of gas or vapor, or 2 milligrams per liter or less of mist, 
fume, or dust, when administered by continuous inhalation for 1 hour (or less if 
death occurs within 1 hour) to albino rats weighing 200 and 300 grams each. 

 
IARC - International Agency for Research on Cancer. 
 
Incompatible - Materials that could cause dangerous reactions by direct contact with one another. 
 
Inhibitor - A chemical added to another substance to prevent an unwanted chemical change. 
 
Irritant - A chemical, which is not corrosive, but which causes a reversible inflammatory effect 
on living tissue by chemical action at the site of contact. A chemical is a skin irritant if, when 
tested on the intact skin of albino rabbits by the methods of 16 CFR 1500 .41 for 4 hours 
exposure or by other appropriate techniques, it results in an empirical score of 5 or more. A 
chemical is an eye irritant if so determined under the procedure listed in 16 CFR 1500.42 or 
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other appropriate techniques. 
 
Irritating - An irritating material, as defined by DOT, is a liquid or solid substance which, upon 
contact with fire or when exposed to air, gives off dangerous or intensely irritating fumes (not 
including poisonous materials). See Poison, Class A and Poison, Class B. 
 
Laboratory - A facility where the “laboratory use of hazardous chemicals” occurs. It is a 
workplace where relatively small quantities of hazardous chemicals are used on a non-production 
basis. 
 
Laboratory Scale - Work with substances in which the containers used for reactions, transfers, 
and other handling of substances are designed to be easily and safely manipulated by one person. 
The laboratory use of hazardous chemicals means handling or use of such chemicals in which all 
of the following conditions are met: 
 

1. Chemical manipulations are carried out on a “laboratory scale”; 
2. Multiple chemical procedures or chemicals are used; 
3. The procedures involved are not part of a production process, nor in any way simulate 

a production process; and 
4. “Protective laboratory practices and equipment” are available and in common use to 

minimize the potential for employee exposure to hazardous chemicals. 
 
LC - Lethal concentration is the concentration of a substance being tested that will kill. 
 
LCLO - Lethal concentration low. Lowest concentration of a gas or vapor capable of killing a 
specified species over a specified time. 
 
LC50- The concentration of a material in air that will kill 50 percent of a group of test animals 
with a single exposure (usually 1 to 4 hours). The LC50 is expressed as parts of material per 
million parts of air, by volume (ppm) for gases and vapors, or as micrograms of material per liter 
of air (g/l ) or milligrams of material per cubic meter of air (mg/m3) for dusts and mists, as well 
as for gases and vapors. 
 
LD - Lethal dose is the quantity of a substance being tested that will kill. 
 
LDLO - Lethal dose low. Lowest administered dose of a material capable of killing a specified 
test species. 
 
LD50 - A single dose of a material expected to kill 50 percent of a group of test animals. The 
LD50 dose is usually expressed as milligrams or grams of material per kilogram of animal body 
weight (mg/kg or g/kg). The material may be administered by mouth or applied to the skin. 
 
LEL or LFL - Lower explosive limit, or lower flammable limit, of a vapor or gas; the lowest 
concentration (lowest percentage of the substance in air) that will produce a flash of fire when an 
ignition source (heat, arc or flame) is present. At concentrations lower than the LEL, the mixture 
is too "lean" to burn. Also see "UEL." 
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Local exhaust - A system for capturing and exhausting contaminants from the air at the point 
where the contaminants are produced (welding, grinding, sanding, other processes or operations). 
Also see "general exhaust". 
 
MSDS - Material Safety Data Sheet 
 
MSHA - Mine Safety and Health Administration, U.S. Department of Labor. 
 
Mechanical exhaust - A powered device, such as a motor driven fan or air stream venturi tube, 
for exhausting contaminants from a workplace, vessel, or enclosure. 
 
Mechanical Filter Respirator - A respirator used to protect against airborne particulate matter like 
dusts, mists, metal fume, and smoke. Mechanical filter respirators do not provide protection 
against gases, vapors, or oxygen deficient atmospheres. 
 
Melting Point - The temperature at which a solid substance changes to a liquid state. 
 
Mutagen - A substance or agent capable of altering the genetic material in a living cell. 
 
NCI - National Cancer Institute is that part of the National Institutes of Health which studies 
cancer causes and prevention as well as diagnosis, treatment, and rehabilitation of cancer 
patients. 
 
Narcosis - A state of stupor, unconsciousness, or arrested activity produced by the influence of 
narcotics or other chemicals. 
 
NFPA - National Fire Protection Association is an international membership organization which 
promotes/improves fire protection and prevention and establishes safeguards against loss of life 
and property by fire.  
 
Nephrotoxin - A substance that causes injury to the kidneys. 
 
Neurotoxin - A material that affects the nerve cells and may produce emotional or behavioral 
abnormalities. 
 
Neutralize - To eliminate potential hazards by inactivating strong acids, caustics, and oxidizers. 
For example, acids can be neutralized by adding an appropriate amount of caustic substance to 
the spill. 
 
NIOSH - National Institute of Occupational Safety and Health, U.S. Public Health Service, U.S. 
Department of Health and Human Services (DHHS), among other activities, tests and certifies 
respiratory protective devices and air sampling detector tubes, recommends occupational 
exposure limits for various substances, and assists OSHA and MSHA in occupational safety and 
health investigations and research. 
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Non-Sparking Tools - Tools made from beryllium-copper or aluminum-bronze greatly reduce the 
possibility of igniting dusts, gases, or flammable vapors. Although these tools may emit some 
sparks when striking metal, the sparks have a low heat content and are not likely to ignite most 
flammable liquids. 
 
NRC - National Response Center is a notification center that must be called when a significant 
oil or chemical spill or other environmental-related accident occurs.  
 
NTP - National Toxicology Program. The NTP publishes an Annual Report on Carcinogens. 
 
OSHA - Occupational Safety and Health Administration, U.S. Department of Labor. 
 
Odor Threshold - The lowest concentration of a substance’s vapor that can be smelled by most 
people. 
 
Oral Toxicity - Adverse effects resulting from taking a substance into the body by mouth. 
Ordinarily used to denote effects in experimental animals. 
 
Organic Peroxide - An organic compound that contains the bivalent -O-O structure and may be 
considered a structural derivative of hydrogen peroxide where one or both of the hydrogen atoms 
has been replaced by an organic radical. 
 
Oxidizer - A chemical other than a blasting agent or explosive that initiates or promotes com-
bustion in other materials, causing fire either by itself or through the release of oxygen or other 
gases. 
 
Oxidizing Agent - A chemical or substance that brings about an oxidation reaction. The agent 
may (1) provide the oxygen to the substance being oxidized (in which case the agent has to be 
oxygen or contain oxygen), or (2) it may receive electrons being transferred from the substance 
undergoing oxidation (chlorine is a good oxidizing agent for electron transfer purposes, even 
though it contains no oxygen). 
 
PEL - Permissible exposure limit is an exposure limit established by OSHA'S regulatory 
authority. It may be a time weighted average (TWA) limit or a maximum concentration exposure 
limit. 
 
pH - The symbol relating the hydrogen ion (H-) concentration to that of a given standard 
solution. A pH of 7 is neutral. Numbers increasing from 7 to 14 indicate greater alkalinity. 
Numbers decreasing from 7 to 0 indicate greater acidity. 
 
Physical Hazard - Means a chemical for which there is scientifically valid evidence that it is a 
combustible liquid, a compressed gas, explosive, flammable, and organic peroxide, an oxidizer, 
pyrophoric, unstable (reactive) or water reactive. 
 
Poison, Class A - A DOT term for extremely dangerous poison; poisonous gases or liquids that, 
in very small amounts, either as gas or as vapor of the liquid, mixed with air, are dangerous to 



 
 

90 
 

life. Examples: phosgene, cyanogen, hydrocyanic acid, nitrogen peroxide. 
 
Poison, Class B - A DOT term for liquid, solid, paste or semisolid substances other than Class A 
poisons or irritating materials that are known (or presumed on the basis of animal tests) to be so 
toxic to humans that they are a hazard to health during transportation. 
 
ppm - Parts per million is the concentration of a gas or vapor in air; parts (by volume) of the gas 
or vapor in a million parts of air; also the concentration of a particulate in a liquid or solid. 
 
ppb - Parts per billion is the concentration of a gas or vapor in air; parts (by volume) of the gas or 
vapor in a billion parts of air. Usually used to express extremely low concentrations of unusually 
toxic gases or vapors; also the concentration of a particular substance in a liquid or solid. 
 
Pyrophoric - A chemical that will ignite spontaneously in air at a temperature or 130F (54.4C) or 
below. 
 
RCRA - Resource Conservation and Recovery Act is environmental legislation aimed at con-
trolling the generation, treating, storage, transportation and disposal of hazardous wastes. It is 
administered by EPA. 
 
Reactivity - Chemical reaction with the release of energy. Undesirable effects--such as pressure 
buildup, temperature increase, formation of noxious, toxic or corrosive by-products may occur 
because of the reactivity of a substance to heating burning, direct contact with other materials, or 
other conditions in use or in storage. 
 
REL - Recommended Exposure Limit (NIOSH). The highest allowable airborne concentration 
which is not expected to injure the workers. It may be expressed as a ceiling limit or as a time-
weighted average (TWA). 
 
Reproductive toxin - Substances that affect either male or female reproductive systems and may 
impair the ability to have children. 
 
Respiratory protection - Devices that will protect the wearer's respiratory system from overex-
posure by inhalation to airborne contaminants. Respiratory protection is used when a worker 
must work in an area where he/she might be exposed to concentration in excess of the allowable 
exposure limit. 
 
Routes of Entry - The means by which material may gain access to the body. These are: 
inhalation, ingestion, contact with the skin or eyes, and injection. 
 
Self-Contained Breathing Apparatus - A respiratory protection device that consists of a supply or 
a means of respirable air, oxygen, or oxygen-generating material, carried by the wearer. 
 
Sensitizer - A chemical that causes a substantial proportion of exposed people or animals to 
develop an allergic reaction in normal tissue after repeated exposure to the chemical. 
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Solvent - A substance, usually a liquid, in which other substances are dissolved. The most 
common solvent is water. 
 
Specific gravity - The weight of a material compared to the weight of an equal volume of water 
is an expression of the density (or heaviness) of a material. The specific gravity of water is 1.0. 
Insoluble materials with specific gravity of less than 1.0 will float in (or on) water. In soluble 
materials with specific gravity greater than 1.0 will sink in water.  
 
Splash-proof goggles - Eye protection made of a noncorrosive material that fits snugly against 
the face, and has indirect ventilation ports.  
 
STEL - Short-Term Exposure Limit (ACGIH). See TLV 
 
Systemic Poison - A poison that spreads throughout the body, affecting all body systems and 
organs. Its adverse effect is not localized in one spot or area. 
 
Target Organ Effects - The following is a listing of target organs, toxicants specific for these 
organs, and some of the toxic effects produced by these agents. These examples are presented to 
illustrate the diversity of hazards employers must consider in the workplace and are not intended 
as a complete listing of such agents and their target organs. 
 
 
ORGAN TOXICANT     EFFECTS 
Blood  Carbon monoxide; Cyanides              Cyanosis; Loss of consciousness 
Dermis  Ketones; Chlorinated compounds  Rashes; De-fatting of skin 
Eyes  Organic solvents; Acids   Conjunctivitis; Corneal damage 
Kidney  Halogenated hydrocarbons; Uranium Edema; Proteinuria 
Liver  Carbon tetrachloride; Nitrosamines  Jaundice; Liver enlargement 
Lung  Silica; Asbestos    Cough; Shortness of breath 
Gonads  Lead; DBCP    Birth defects; Sterility 
 
Target Organ Toxin - A toxic substance that attacks a specific organ of the body. For example, 
overexposure to carbon tetrachloride can cause liver damage. 
 
Teratogen - A substance or agent, exposure to which by a pregnant female can result in 
malformations in the fetus. 
 
TLV - Threshold Limit Value is a term used by ACGIH to express the airborne concentration of 
material to which nearly all persons can be exposed day after day without adverse effects. 
ACGIH expresses TLVs in three ways: 
 

a. TLV-TWA: The allowable Time Weighted Average concentration for a normal 8- 
hour workday or 40-hour work week. 

b. TLV-STEL: The Short Term Exposure Limit, or maximum concentration for a 
continuous 15-minute exposure period (maximum of four such periods per day, 
with at least 60 minutes between exposure periods, and provided the daily 
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TLV/TWA is not exceeded). 
c. TLV-C: The ceiling exposure limit; the concentration that should not be exceeded 

even instantaneously. 
 
TOC - TAG Open Cup. See flashpoint. 
 
Torr - A unit of pressure, equal to 1/760 atmosphere. 
 
Toxic - A chemical falling within any of the following categories: 
 

a. A chemical with a median lethal dose (LD50) of more than 50 milligrams per 
kilogram but not more than 500 milligrams per kilogram of body weight when 
administered orally to albino rats weighing between 200 and 300 grams each. 

b. A chemical that has a median lethal dose (LD50) of more than 200 milligrams per 
kilogram but not more than 1,000 milligrams per kilogram of body weight when 
administered by continuous contact for 24 hours (or less if death occurs within 24 
hours) with the bare skin of albino rabbits weighing between two and three kilo-
grams each. 

c. A chemical that has a median lethal concentration (LC50) in air of more than 200 
parts per million but not more than 2,000 parts per million by volume of gas or 
vapor, or more than two milligrams per liter but not more than 20 milligrams per 
liter of mist, fume, or dust, when administered by continuous inhalation for one 
hour (or less if death occurs within 1 hour) to albino rats weighing between 200 
and 300 grams each. 

 
Toxic Substance - Any substance which can cause acute or chronic injury to the human body, or 
which is suspected of being able to cause diseases or injury under some conditions. 
 
Toxicant- Any substance producing a toxic effect. 
 
Toxicity - The sum of adverse effects resulting from exposure to a material, generally by the 
mouth, skin, or respiratory tract. 
 
TSCA - Toxic Substances Control Act (Federal Environmental Legislation administered by 
EPA) regulates the manufacture, handling, and use of materials classified as "toxic substances." 
 
TWA - Time-weighted average - airborne concentration of a material to which a person is 
exposed, averaged over the total exposure time, generally the total workday (8 to 12 hours). 
 
UEL or UFL - Upper explosive limit or upper flammable limit of a vapor or gal; the highest 
concentration (highest percentage of the substance in air) that will produce a flash of fire when 
an ignition source is present. At higher concentrations, the mixture is too “rich” to burn. Also see 
LEL. 
 
Unstable Reactive - A chemical that, in the pure state, or as produced or transported, will 
vigorously polymerize, decompose, condense, or become self-reactive under conditions of 
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shocks, pressure, or temperature. 
 
Vapor Density - The weight of a vapor or gas compared to the weight of an equal volume of air, 
air density =1.0. Materials lighter than air have vapor densities less than 1.0 (e.g., acetylene, 
methane, hydrogen). Materials heavier than air (e.g., propane, hydrogen sulfide, ethane, butane, 
chlorine, sulfur dioxide) have vapor densities greater than 1.0. All vapors and gases will mix 
with air, but the lighter materials will tend to rise and dissipate (unless confined). Heavier vapors 
and gases are likely to concentrate in low places—along or under floors, in trenches and 
ditches—where they may create fire or health hazards. 
 
Vapor Pressure - The pressure exerted by a saturated vapor above its own liquid in a closed 
container. When quality control tests are performed on products, the test temperature is usually 
100F, and the vapor pressure is expressed as pounds per square inch (psig or psia), but vapor 
pressures reported as MSDS information are in millimeters of mercury (mmHg) at 68F (20C), 
unless stated otherwise. Three facts are important to remember: 

1. Vapor pressure of a substance at 100F will always be higher than the vapor pressure 
of the substance at 68F (20C). 

2. Vapor pressure reported on MSDS’s in mm Hg are usually very low pressures; 
760mmHg if equivalent to 14.7 pounds per square inch. 

3. The lower the boiling point of a substance, the higher its vapor pressure. 
 
Volatility - A measure of how quickly a substance forms a vapor at ordinary temperature 
 
Water-Reactive - A chemical that reacts with water to release a gas that is either flammable or 
presents a health hazard. 
 
Work Area - A room or defined space in a workplace where hazardous chemicals are produced 
or used, and where employees are present. 
 
Workplace - An establishment at one geographical location containing one or more work areas. 
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APPENDIX A 
 

 
OBTAINING A MATERIAL SAFETY DATA SHEET 

 
 
A manufacturer or distributor must send a material safety data sheet (MSDS) to the purchaser 
with the initial shipment of a hazardous material and with each update of the material safety data 
sheet. Material safety data sheets will either accompany or precede the shipment. However, they 
are not required to send a material safety data sheet with subsequent orders of the same product.  
 
To obtain a material safety data sheet: 
 
1) Request the material safety data sheets on the purchase order specifying that they be sent  
     directly to you at a specified mailing address.  
 
2) Write or call the manufacturer or distributor. 
 
3) Look up the material safety data sheet on the web. Websites for MSDSs can be found under 

our website at  
 
4) Request the MSDS from the Office of Environmental Health and Safety by phone (656-

7554) or fax (656-7630).  
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APPENDIX B 
 
 

HAZARDOUS CHEMICALS INVENTORY FORM 
 

A complete hazardous chemical/biological inventory must be submitted to EHS by Feb. 15 of 
each calendar year. The form found on the EHS website (http://ehs.clemson.edu/) must be used to 
submit this information. Send as an attachment to wangw@clemson.edu 
 
Inventories should also kept in a notebook along with MSDSs, The Chemical Hygiene, and other 
EHS plans on a shelf near the lab entrance or in another prominent location in the lab or in a 
common area that is always immediately accessible. These items should be clearly labeled (i.e., 
label the end of the notebooks and put a sign on the wall above these items (MSDS, Inventory, 
CHP), so that they can be easily located.  
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APPENDIX C 

 
 

GUIDELINES FOR THE 
STORAGE OF LABORATORY CHEMICALS 

 
 
The safe storage of laboratory chemicals is a vital concern for most laboratories. Many 
problems have occurred when chemicals are assumed to be static and inert once placed in 
their stationary positions in the storage cabinet or storeroom. Chemicals, especially 
laboratory chemicals, have a tremendous hazard potential entailing special requirements 
to avoid accidents. A safe storage process anticipates these requirements and provides the 
appropriate environment, procedures, and controls to prevent leaks, spills, and the release 
of hazardous energy from laboratory chemicals. 
 
Always consult the product label, Material Safety Data Sheet, and any other source of 
available information to obtain information on the proper storage of hazardous materials. 
 
There are nine key elements to a safe chemical storage program: 

 
1. Maintain an inventory of all chemicals in the lab. 
 
2. Ensure that all chemicals are properly labeled. 
 
3. Separate incompatible chemicals and equipment. 
 
4. Ensure that all chemicals are stored in containers that are appropriate for the chemical 

being stored. 
 
5. Store all chemicals in the proper chemical storage cabinets, safety cans, locked 

cabinets, etc., where required. 
 
6. Secondary containment is always a prudent practice, but must be provided when 

needed to ensure separation of incompatible chemicals. 
 
7. Post all storage rooms, cabinets, etc., with the proper signage to indicate the hazards 

of the chemicals being stored  
 
8. Post emergency procedures and telephone numbers nearby. 
 
9. Routine inspections are performed to ensure that containers are properly labeled; not 

deteriorating; chemicals which have become dangerous or formed dangerous by-
products are removed; and other chemicals exceeding their expiration dates or are no 
longer useful product are disposed of properly. 

 



 
 

99 
 

 
Storage Restrictions 
 
The amounts of toxic, flammable, unstable, or highly reactive materials that should be permitted 
in laboratories are an important concern. To arbitrarily restrict quantities may interfere with 
laboratory operations, but conversely, unrestricted quantities can result in the undesirable 
accumulation of such materials in the laboratory. The amounts of certain chemicals such as 
flammable liquids and compressed gases are controlled by the National Fire Protection 
Association (NFPA). The Occupational Health and Safety Administration regulations for the 
laboratory storage of flammable and combustible liquids are not based on fire prevention and 
protection principles, but rather address the types and sizes of containers allowable.  
 
The following minimum restrictions apply to all laboratories: 
 
• No more than 10 gallons of flammable chemicals (including waste) stored in containers 

other than approved safety cans may be kept in laboratories outside of chemical storage 
cabinets at any one time.  

 
• Up to 25 gallons can be kept in the laboratory if the quantity in excess of 10 gallons is 

stored in approved safety cans not to exceed two gallon capacity.  
 
• Quantities in excess of 25 gallons, but less than 60 gallons must be kept in the protection 

of approved flammable storage cabinets. 
 
• Amounts in excess of 60 gallons per laboratory must be stored in an approved chemical 

storage room. 
 
Flammable storage cabinets should be used to store all flammable and combustible liquids 
in the laboratory, including those in safety cans unless they are in immediate use. No more 
than an one-week supply of flammable liquids should be kept in the laboratory at one time. 
Flammable storage cabinets are designed to protect the contents from external fires. 
Therefore, the door(s) must be kept closed except when removing or replacing chemicals. 
Doors must close properly. If doors do not close properly, they should be repaired 
immediately. The interior of these cabinets is capable of withstanding the effects of vapors 
from solvents, but not of other materials, such as corrosives. These materials are 
incompatible with most flammables. Only flammable materials should be kept in 
flammable storage cabinets.  
 
 
Inspection of Stored Chemicals 
 
All stored chemicals should be examined at periodic intervals (at least quarterly). At this time, 
those that have been kept beyond their appropriate shelf life or have deteriorated, have 
questionable labels, are leaking, have corroded caps, or have developed any other problem 
should be disposed according to university hazardous waste management procedures. During this 
inspection, the inventory of chemicals present in the laboratory or storage area shall be updated 
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or verified and the date and name of the inspector recorded. 
 
Chemicals showing any of the indications listed below shall be turned over to EHS for safe 
disposal: 
 

• Spotting on solids 
• Caking of anhydrous materials 
• Pressure buildup in containers 
• Evidence of reaction with water 
• Corrosion of damage to the container 
• Existence of unusual solids in liquids or liquids in solids 
• Precipitate (crystals around neck or cap of bottle) of shock-sensitive compounds 

 
Dating of Chemical Containers 
All chemicals should be dated when they are received and when they are opened. Chemicals 
known to decompose over time to dangerous states or by-products should have auxiliary labels 
added, with additional information including warnings and expiration dates. It is a prudent 
practice to have “decision dates” or estimated dates of expiration on all chemicals. When the 
“decision date” is reached, the chemical could be reevaluated to determine whether the chemical 
should be kept or removed for proper disposal. This information provides a history of the 
chemicals in each container and guides future researchers as to potential quality of the chemicals 
stored in the laboratory.  
 
SHELF STORAGE 
 

• Large bottles and containers are stored on shelves no higher than 2 feet from the 
floor. 

 
• Containers of corrosive chemicals are stored below eye level 

 
• Shelves have raised edges or rim guards to prevent the accidental dislodging of 

containers. 
 

• Only chemicals of low toxicity are stored on open shelves. Toxic and highly toxic 
chemicals should be stored in closed cabinets. Highly toxic chemicals should be 
stored in ventilated cabinets and secondarily contained.  

 
• Reagent bottles or containers do not protrude over the shelf edges. 

 
• Enough space is available so that chemicals are not overcrowded. 

 
• Empty bottles are removed from stockroom shelves 

 
• Shelves are level and stable. Shelving units are securely fastened to wall or floor. 
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• Weight limit of shelves is not exceeded. 
 

• Shelves are clean, free of chemical contamination. 
 

• Secondary containers large enough to collect contents of containers, if necessary. 
Only compatible chemicals should be stored together in secondary containers when 
secondary containers are used to hold more than one product.  

• Do not store chemicals alphabetically except within hazard categories. 
 
STORAGE CONTAINERS 
 

• Storage containers are inspected periodically for rust, corrosion, or leakage. 
 

• Damaged containers are removed or repaired immediately. 
 

• Chemicals are kept in airtight bottles, not in beakers or open or improperly capped 
containers. 

 
• Carboys used for storing chemical solutions have spigots that are leak tight and drip 

free.  
 

• Dispensing tubes on carboys are free or corrosion or aging. 
 

• Storage containers are appropriate for the materials being stored.  
 
 
LABELING OF CHEMICAL CONTAINERS 
 

• All containers are clearly labeled as to contents (name of the chemical, no 
abbreviations, etc.) 

 
• Labels are legible and free of encrustation or contamination. 

 
• Labels are firmly attached to containers. 

 
• Chemical containers are labeled with the appropriate warning (e.g., poison, corrosive, 

flammable, etc.) 
 

• All container labels include both date of receipt. Recording a date when chemicals are 
opened is necessary for chemicals that become dangerous or form dangerous by-
products over time and is a prudent practice for all chemicals.  

 
• It is a prudent practice to include precautionary measures and PPE required for 

handling the specific chemical 
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• Labels should be written in English. 
 
 
 
HOUSEKEEPING 
 

• Cleanliness and order are maintained in the storage area and laboratory at all times. 
 

• Unlabeled, contaminated, or undesirable chemicals are discarded properly. 
 

• Unused chemicals are never returned to stock bottles. 
 

• Packing materials and empty cartons are removed at once from the stockroom or 
laboratory. 

 
• Waste receptacles are properly marked and easily located.  

 
• Separate disposal containers are available for broken glass. (These must be sturdy, 

puncture-resistant containers and they must be labeled) 
 

• Chemical, equipment, etc. should be kept off of laboratory floor space and aisles. 
 
 
CHEMICAL STORAGE 
 

• Chemicals should not be exposed to direct sunlight or localized heat. 
 

• Chemicals should be separated and stored according to chemical family or hazard 
classification. Chemicals must also be segregated properly within chemical families 
whenever necessary, for example: strong mineral acids and strong alkaline materials 
are both corrosive and may be labeled as such; they should not, however, be stored 
together, since they would react vigorously if accidentally mixed.  

 
• All incompatible chemicals must be physically segregated from each other during 

storage. 
 
 ACIDS 

Acids require special storage because they are corrosive and some are oxidizers. There 
are two main groups of acids, organic acids, and inorganic (mineral) acids. Some 
inorganic acids are oxidizers and will react with organics. Therefore, as a rule of thumb, 
inorganic acids should be stored separately from organic acids and other chemicals.  
 
Examples of inorganic acids: 
 
*Oxidizers  
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• Perchloric acid 
• Chromic acid 
• Sulfuric acid 
• Nitric acid 
 

 *Non-oxidizers: 
  

• Hydrochloric acid 
• Hydrofluoric acid 
• Phosphoric acid 

 
 Examples of organic acids: 
 

• Acetic acid 
• Formic acid 
• Butyric acid 
• Propionic acid 
• Picric acid 
• Acrylic acid 

 
Organic acids (e.g., glacial acetic acid) are combustible and should be stored separately or with 
flammables (secondarily contained) rather than with inorganic acids. Several inorganic acids are 
oxidizers and, therefore, incompatible with organics.  

 
 

• Large bottles of acids should be stored on low shelves or in acid cabinets. 
 

• Oxidizing acids are segregated from organic acids and flammable and combustible 
materials. 

 
• Acids are separated from caustics and from active metals such as sodium, 

magnesium, and potassium. 
 

• Acids are segregated from chemicals that can generate toxic gases on contact, such as 
sodium cyanide and iron sulfide. 

 
• Absorbents or acid neutralizers appropriate for acids stored should be available for 

acid spills. 
 
 
 CAUSTICS 
 

• Caustics are stored away from acids. 
 

• Solutions of inorganic hydroxides are stored in polyethylene containers. 
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• Appropriate absorbents or caustic neutralizers are available for spills. 

 
 
 FLAMMABLES 
 
 Serious fire and explosion hazard. Flammable materials have a flash point between 
20-100F. 
 

• All flammable liquid containers are in compliance with the maximum container sizes 
found in the table at the end of this appendix. 

 
• NFPA specified safety cabinets are used for the storage of flammable liquids. 

 
• Flammables are kept away from and source of ignition: flames, heat, or sparks. 

 
• Approved refrigerators are used for storing flammable liquids. 

 
• Appropriate absorbents are available for small spills or leaks. 

 
 PEROXIDE-FORMING CHEMICALS 
 

• Peroxide-forming chemicals are stored in airtight containers in a dark, cool, and dry 
place.  

 
• Peroxide-forming chemicals are properly disposed of before the date of expected 

peroxide formation. 
• Peroxide-formers are labeled with date received, date opened, and disposal date. 

 
• If peroxide contamination is suspected, do not pick up, shake, or otherwise disturb the 

container. Call and report this information to EHS. 
 

• Peroxide-formers should be checked for the presence of peroxides with either wet 
chemicals or test strips when opened. The checks should be conducted prior to 
heating the solvent and after each month of storage.  

 
 WATER-REACTIVE CHEMICALS 
 
 These chemicals will react vigorously with water to yield heat, flammable or toxic 
gases or other  
 hazardous conditions. 

 
• Chemicals are kept in a cool, dry place. 

 
• Water-reactive chemicals containers are kept tightly closed and secondarily contained 

in a water-tight container if contact with water is possible. 
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• In case of fire, a Class D fire extinguisher should be used if personnel have been 

trained to use fire extinguishers, and it is judged that the fire is small enough to be 
handled by departmental personnel. 

 
 The following are some common laboratory chemicals that react violently with water: 
 Alkali metals 
 Alkali metal hydrides 
 Alkali metal amides 
 Metal Alkyls, such as lithium alkyls and aluminum alkyls 
 Grignard reagents 
 Halides of nonmetals, such as Boron Trichloride and Boron Trifluoride 

Inorganic acid halides 
 Anhydrous metal halides such as Aluminum chloride 
 Phophorous pentoxide 
 Calcium carbide 
 Organic acid halides and anhydrides of low molecular weight 
 
 OXIDIZERS 
 

• Oxidizers are stored away from flammable, combustible, and reducing agents (e.g., 
zinc, alkaline metals).  

• Oxidizers react vigorously with reducing materials. This reaction can lead to fires or 
explosions.  

Examples: 
• Halogens 
• Ammonium persulfate 
• Sodium dichromate 
• Hydrogen peroxide 
• Potassium permanganate 
• Perchloric acid 
 

 
 PYROPHORIC CHEMICALS 
 

• Should be stored in tightly closed containers under an inert atmosphere (or, for some, 
in an inert liquid). 

 
• All transfers and manipulations of them must be carried out under an inert 

atmosphere or liquid. 
 
 Examples are: 
 Grignard reagents, RMgX 
 Metal alkyls and aryls, such as RLi and RNa 
 Metal carbonyls  
 Alkali metals such as Potassium and Sodium 
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 Metal powders, such as Aluminum, Iron, Magnesium, and Zinc 
 Metal hydrides 
 Nonmetal hydrides, such as Diborane and Arsine 
 Nonmetal alkyls 
 Phosphorus (white) 
 
POLYNITRO COMPOUNDS 
 
Many polynitroaromatic compounds are shock-sensitive as are some aliphatic compounds 
containing more than one nitro group. Many of these compounds are sold and stored with 10 to 
20 percent water, which desensitizes their reaction to shock, although they are still flammable 
solids.  
 
Polynitro compounds shall be stored separately from most chemicals and labeled so they will be 
easily identified as reactive. They shall not be placed in long-term storage without special 
posting indicating their presence and removal date. Long-term storage without checking for 
proper water content may allow the compounds to dehydrate sufficiently to make them highly 
reactive. 
Surplus and waste polynitro compounds shall be given to EHS promptly for proper 
disposal and not left on a shelf to be forgotten. 
 
If old containers of polynitro compounds are found, including picric acid or dinitrophenyl 
hydrazine, do not move them without consulting EHS.  
 
Picric Acid. Dry picric acid is highly explosive and should be brought into the laboratory only 
when specifically required. Users should have a thorough understanding of its hazards. Although 
not explosive when wetted, picric acid solutions may evaporate to leave the hazardous solid. 
Properly hydrated picric acid will have a moist, yellow appearance. The weight of a new bottle 
of picric should be recorded on the label before opening, and again each time before and after 
removing any material for use. Water should be added as a matter of course. If the tare weight 
has decreased markedly between usage, it may be attributed to the loss of water and resulting 
instability. Picric acid should be stored away from combustible materials and should not be kept 
for extended periods (any material older than two years should be disposed). Old containers of 
picric acid should not be moved or handled - contact EHS. 
 
TOXIC COMPOUNDS 
 

• Toxic compounds are stored according to the nature of the chemical, with appropriate 
security employed where necessary. 

 
• A Poison Control Network telephone number should be posted. (1-800-922-1117) 

 
STOCKROOMS 
 
1. Stockrooms should be usually within or close to the areas served. Stockrooms should not be 

used as preparation or dispensing areas because of the possibility that an accident will occur 
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and thereby unnecessarily contaminate a large quantity of materials.  
 
2. Stockrooms should be conveniently located and open during normal working hours so that 

laboratory personnel need not store excessive quantities of chemicals in their laboratories.  
 
3. Procedures must be established for the operation of any stockroom that place responsibility 

for its safety and inventory control in the hands of one person. This person should be readily 
available. A backup person should be established to perform these duties when the stockroom 
manager is not available. 

 
4. Stockrooms should be well ventilated, with exhaust air leaving the building. 
 
5. Stockrooms must be properly marked or identified. 
 
6. Stockrooms must be secured whenever not in use and are available only to authorized 

personnel. 
 
7. Stockrooms should have two or more clearly marked exits. 
 
8. Properly dispose of outdated chemicals.  
 
9. Stockrooms must be well illuminated and free of blind alleys.  
 
10. All electrical service equipment should be explosion-proof for the appropriate class and 

group of flammable liquids. 
 
11. Containers of flammable liquids are properly grounded and bonded for storage and 

dispensing.  
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FLAMMABLE LIQUID CLASSIFICATION 

  
 CLASS FLASH POINT (oF) BOILING POINT 

(oF) 
 IA Below 73 Below 100 
 IB  Below 73 At or above 100 
 IC At or above 73, below 100 NA 
 II At or above 100, below 140 NA 
 IIIA At or above 140, below 200 NA 
 IIIB At or above 200 NA 

 
 
 
  MAXIMUM ALLOWABLE SIZE OF FLAMMABLE           

AND COMBUSTIBLE 
                                    LIQUID CONTAINERS IN LABORATORIES  

 
 

   FLAMMABLE LIQUIDS  COMBUSTIBLE LIQUIDS 

 CONTAINER
  

 CLASS 
IA 

 CLASS IB   CLASS IC  CLASS II    CLASS III 

Glass 1 pinta 1 quarta 1 gallon 1 gallon 5 gallons 

Metal (other 
than DOT 
drums) or 
approved plastic 

1 gallon 5 gallonsb 5 gallonsb 5 gallonsb 5 gallons 

Safety cans  2 gallons  5 gallonsb 5 gallonsb  5 gallonsb 5 gallons 

Metal drum 
(DOT Spec.) 

Not 
allowed 

5 gallonsb  5 gallonsb  60 gallonsb   60 gallons 

aGlass containers of not more than one-gallon capacity are acceptable if the required purity 
would be affected by storage in metal or if excessive corrosion would result from storage in 
metal. 
  
bIn instructional laboratory work areas, no container for Class I or II liquids shall exceed a 
capacity of one-gallon, other than safety cans which may be of two-gallon capacity. 
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Reference:  NFPA 45, Fire Protection for Laboratories Using Chemicals, 
National Fire Protection Association, 1991. 

Incompatible Chemicals* 
 

The following list is to be used only as a general guideline.  Please refer to your Material 
Safety Data Sheets (MSDS) for specific incompatibilities. 

 
Chemical: Incompatible with: 
Acetic acid Chromic acid, nitric acid, hydroxyl compounds, ethylene glycol, 

perchloric acid, peroxides, permanganates 
Acetylene Chlorine, bromine, copper, fluorine, silver, mercury  
Acetone Concentrated nitric and sulfuric acid mixtures 
Alkali and alkaline 

earth metals  
Water, carbon tetrachloride or other chlorinated hydrocarbons, 
carbon dioxide, halogens 

Ammonia 
(anhydrous) 

Mercury, chlorine, calcium hypochlorite, iodine, bromine, 
hydrofluoric acid (anhydrous) 

Ammonium nitrate Acids, powdered metals, flammable liquids, chlorates, nitrites, 
sulfur, finely divided organic combustible materials 

Aniline Nitric acid, hydrogen peroxide 
Arsenic materials Any reducing agent 
Azides Acids 
Bromine See chlorine 
Calcium oxide Water 
Carbon (activated) Calcium hypochlorite, all oxidizing agents 
Chlorates Ammonium salts, acids, powdered metals, sulfur, finely divided 

organic or combustible materials 
Chromic acid and 

chromium 
trioxide 

Acetic acid, naphthalene, camphor, glycerol, alcohol, flammable 
liquids in general 

Chlorine Ammonia, acetylene, butadiene, butane, methane, propane(or other 
petroleum gases), hydrogen, sodium carbide, benzene, finely 
divided metal, turpentine 

Chlorine dioxide Ammonia, methane, phosphine, hydrogen sulfide 
Copper Acetylene, hydrogen peroxide 
Cumene 

hydroperoxide 
Acids (organic or inorganic) 

Cyanides Acids 
Flammable liquids Ammonium nitrate, chromic acid, hydrogen peroxide, nitric acid, 

sodium peroxide, halogens 
Fluorine All other chemicals 
Hydrocarbons (such 

as butane, 
propane, 
benzene) 

Fluorine, chlorine, bromine, chromic acid, sodium peroxide 

Hydrocyanic acid Nitric acid, alkali 
Hydrofluoric acid Ammonia (aqueous or anhydrous) 
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(anhydrous) 
Hydrogen sulfide Fuming nitric acid, oxidizing gases 
Hypochlorites Acids, activated carbon 
Iodine Acetylene, ammonia (aqueous or anhydrous),  hydrogen 
Mercury Acetylene, fulminic acid, ammonia 
Nitrates Acids 
Nitric acid 

(concentrated) 
Acetic acid, aniline, chromic acid, hydrocyanic acid, hydrogen 
sulfide, flammable liquids and gases, copper, brass, any heavy 
metals 

Nitrites Acids 
Nitroparaffins Inorganic bases, amines 
Oxalic acid Silver, mercury 
Oxygen Oils, grease, hydrogen; flammable liquids, solids, and gases 
Perchloric Acid Acetic anhydride, bismuth and its alloys, alcohol, paper, wood, 

grease, oils 
Peroxides, organic Acids (organic or inorganic), avoid friction, store cold 
Phosphorus (white) Air, oxygen, alkalis, reducing agents 
Potassium Carbon tetrachloride, carbon dioxide, water 
Potassium chlorate Sulfuric and other acids 
Potassium 

perchlorate see 
also chlorates 

Sulfuric and other acids 

Potassium 
permanganate 

Glycerol, ethylene glycol, benzaldehyde, sulfuric acid 

Selenides Reducing agents 
Silver Acetylene, oxalic acid, tartaric acid, ammonium compounds, 

fulminic acid 
Sodium Carbon tetrachloride, carbon dioxide, water 
Sodium nitrite Ammonium nitrate and other ammonium salts 
Sodium peroxide Ethyl or methyl alcohol, glacial acetic acid, acetic anhydride, 

benzaldehyde, carbon disulfide, glycerin, ethylene glycol, ethyl 
acetate, methyl acetate, furfural 

Sulfides Acids 
Sulfuric acid Potassium chlorate, potassium perchlorate, potassium 

permanganate (similar compounds of light metals, such as sodium, 
lithium) 

Tellurides Reducing Agents 
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CHEMICAL STORAGE GUIDELINES* 
 

STORE MATERIALS OUTLINED BY BOXES SEPARATELY 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

LIQUIDS 

Acids Bases Oxidizers Flammable Non-Flammable Toxins 

Organic Inorganic Organic Inorganic Organic Inorganic 

SOLIDS 

SOLIDS: Low tendency for reaction (when dry) so most can be shelved alphabetically, 
exceptions: 

• Sulfides should be stored away from acids 
• Cyanide compounds must be segregated from acids, especially liquid acids 
• Phenol crystals must be stored separately from oxidizers 

 
 
 
 

CONSULT YOUR MATERIAL SAFETY DATA SHEETS (MSDS) FOR SPECIFIC CHEMICAL 
STORAGE 

 INFORMATION 
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Appendix D 

Laboratory Chemical Spill Clean-Up Procedures 

               1. Introduction 
2. General Procedures 
3. Spill Kit Information 
4. Spill Clean-Up Reference 

 
 
 

      
The Laboratory Chemical Spill Clean-Up Procedures were developed to give guidance to knowledgeable 
laboratory personnel on the safe and effective way to clean up small laboratory spills. These procedures do 
not take the place of the Department of Environmental Health & Safety (EHS). If you have ANY questions or 
concerns about the spill cleanup process, contact us at 656-2583.  

Introduction  

The Laboratory Chemical Spill Clean-Up Procedures were created to give researchers and laboratory personnel a 
starting point for developing a chemical spill kit and providing guidance for cleaning up chemical spills. Chemical 
spills and accidents need to be minimized as much as possible. If a chemical spill should occur, a quick response 
with a stocked chemical spill kit will help minimize potential harm to personnel, equipment and laboratory space. 
Outlined in Table 2, is the minimal equipment required for a spill kit. You may add equipment to the kit, provided 
all personnel are proficient in its use. An example would be adding a metallic mercury spill kit. Contact EHS for 
information and guidance in construction of an advanced spill kit.  

Note that the majority of chemical spills can be prevented or minimized by: Maintaining a neat and organized work 
area;  

1. Performing a laboratory procedure review prior to conducting new experimental procedures;  
2. Storing liquid chemicals in secondary containment bins;  
3. Keeping reagent chemical containers sealed or closed at all times, except when removing contents;  
4. Ordering reagent chemicals in plastic or plastic coated glass containers whenever possible;  
5. Using secondary containment to store and move chemicals. 
6. Handling chemicals properly (inside a properly operating chemical hood) 
7. Proper use of Chemical Hoods 

 

General Spill Clean-up Procedures 

In the event of a chemical spill, first decide if you are trained, knowledgeable and equipped to handle the 
incident. Immediately evacuate the lab and notify the University Fire Department (UFD) if there is a 
possibility of an acute respiratory hazard present or if you need assistance to clean up the spill. Begin 
alerting all others in the building. If you believe that the hazard cannot be contained within the 
laboratory and could adversely affect the health/safety of others, activate the fire alarm to evacuate the 
building.  Never proceed to clean up a spill if you do not know the hazards associated with the chemical; 
if you are unsure of how to clean up the spill; or if the clean-up requires the use of respiratory 
equipment, contact the Fire Department. If anyone is injured or contaminated, immediately notify (UFD) 
and begin decontamination measures or first aid, if trained. 
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Minor spills do not necessarily need the assistance of EHS. However, all spills, regardless of size, must be 
cleaned up as soon as possible. Laboratory workers who have had the proper training and possess the 
appropriate equipment can safely and effectively handle the majority of chemical spills that occur in the 
laboratory. However, spills involving multiple chemicals may pose unexpected hazards. Always contact 
EHS if multiple chemicals are involved in a spill. 

If trained and prepared (the proper clean-up materials and PPE are available), except for the chemical classes in 
Table I, lab personnel can handle spills involving one liter or less of liquid and one pound or less of a solid. If 
the spill is too large, toxicity or hazards too great, or personnel do not feel that they are properly prepared or do 
not have proper equipment, contact the HazMat Team at the University Fire Department to assist with the clean 
up. Refer to the Hazardous Materials Safety Manual or the chemical spill section of the Chemical Hygiene Plan 
for specific spill clean-up techniques. The following procedures are specific guidelines for using the 
recommended spill clean-up materials. Contact EHS with any questions or concerns about proper spill clean-up 
practices. 

 
Initial Evaluation:  
 
If it is safe, do the following: 
 

•  Identity the chemical(s) involved. 
•  If spill is inside chemical hood, close the sash (DO NOT turn the hood off) 
•  Shut down all processes, especially ignition sources 
•  Leave the lab and close the door 
•  If the amount spilled does not exceed the amounts defined below; is not included in the 

classes of chemicals that cannot be cleaned up by lab personnel; and does not require a 
respirator for cleanup; the personnel involved feel that they are appropriately 
trained/prepared to clean up the spill and have the necessary spill clean-up materials and 
Personal protective equipment, then you may proceed with the following cleanup 
procedures:  

1. Exit the Lab. 
2. Post the Lab/Area to prevent others from entering 
3. Contact the Building Security and/or Safety Officer 
4. Consult the MSDS and other available information for proper clean up procedures 
5. Don the proper Personal Protective Equipment 
6. Obtain the proper clean-up supplies and equipment 
7. The responder should then control the spread of the spill. This would be done with the 

appropriate material (i.e., polypropylene pads, sand, vermiculite, etc.) 
8. Check for incompatible chemicals/materials that might be nearby; move these well 

away from the affected area 
9. Make sure that all forms of local exhaust, i.e. fume hoods, are operating. It is normally not advisable to open 

the windows—do not do so without advice from the Fire Dept. or EHS.  
10. Next, absorb the free liquid.  
11. Many laboratory accidents involve broken glass. Carefully remove the broken glass 

with laboratory tongs and place into plastic bucket.  
12. Inspect the area. Carefully check the entire affected area for spill residue or hidden 

contamination. 
13. Dispose of the gloves as waste. Dry the tools off and place back into the spill kit along 

with the splash goggles. Replenish all spill clean-up material/PPE used.  
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14. Package and label. Place all material including any contaminated PPE, pads, paper 
towels, etc. into bag. Attach hazardous waste label to all bags, buckets, etc. and contact 
Hazardous Waste Management at 656-1770 or 633-6357 for disposal. 

15. Fill out Laboratory accident/incident form and send to the University Chemical 
Hygiene Officer (nkelly@clemson.edu; 650-8155)  

16. Review spill with laboratory personnel. Discuss the cause and possible ways to prevent 
future occurrences. 

Note: Precautions must be taken to minimize exposure to the spilled chemical. Be careful not to step in the spilled 
material and track it around. Contact EHS if an exposure to a chemical occurs. 

If the spill is too large for you to handle, involves more than 1L of any liquid material or more than one pound of 
solid material, involves materials listed in the table below; is a threat to personnel, students or the public; involves 
radioactive material; involves an infectious agent; or involves a corrosive, highly toxic, or reactive chemical, call for 
assistance. 

 

Table 1.   Types of Spills that Cannot Be Handled by Laboratory Personnel (these are examples, not an “all 
inclusive” list of chemical spills that cannot be handled by lab personnel).  

 

Chemical Class Example 

Strong Acids - Any acid that is concentrated enough to fume or emit acid gases 
Fuming Sulfuric Acid 
Red Nitric Acid 
Hydrofluoric Acid 
Perchloric Acid 

Strong Bases - Any base that is concentrated enough to emit vapors Ammonium Hydroxide 

Poison by Inhalation - Any chemical that readily emits vapors / gases at normal 
temperature and pressure that are extremely toxic by inhalation 

Phosphorous Oxychloride 
Titanium Tetrachloride 
Formates 
Isocyanates 

Highly Reactive - Any chemical that is sensitive to air, water, shock, friction and/or 
temperature 

Dry Picric Acid 
Lithium Aluminum hydride 
Sodium Borohydride 
Sodium azide 
Phosphorus Metal 
Organic Peroxides 

Mercury  
Metallic Mercury 
Mercury Salts 
Organic Mercury 

Extremely Toxic - Any chemical that is readily absorbed through the skin and is extremely 
toxic at small concentrations 

Benzene 
Sodium Cyanide 
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Table 2: Chemical Spill Kit Minimal Requirements 
• Universal Chemical Absorbent Pads 
• Universal Chemical Absorbent Powder 
• 1 gal. bucket of sand 
• Activated Carbon 
• Acid Neutralizer 
• Caustic Neutralizer 
• Clay Absorbent 
• Sodium bicarbonate 
• Calcium carbonate 
• 5 gal polypropylene container 
• Heavy-duty, leakproof polyethylene bags (minimum 10 gal. capacity) 
• Hazardous Waste Labels 
• Non-sparking dust pan, shovel, and plastic scoop 
• Laboratory tongs 
• pH indicator paper 
• Gloves—multiple pairs and sizes (Silver shield, 15mil, 12” Nitrile, and rubber) 
• Aprons (silvershield and rubber) 
• Lab Coats (Cotton and chemically resistant) 
• Goggles (several pairs; anti-fog) 
• Rubber shoe covers 
• Face shields 
• Chemically resistant coveralls (all sizes) 

 
SPILL CLEANUP QUICK REFERENCE  
This table provides a synopsis of clean-up materials recommended for use in cleaning up spills of various  
chemical types.  This list should be expanded to add any chemicals that are not listed or that require  
special procedures.  The Material Safety Data Sheet  (MSDS)  for the particular chemical spilled is a  
preferable reference and will take precedence over this reference, if different.    
 
Chemical Spilled       Clean-Up Procedures  

Acids, organic   
 

Apply sodium bicarbonate. Adsorb with spill pillow or 
vermiculite. 

Acids, inorganic   Acids, inorganic  Apply sodium bicarbonate/Calcium 
Oxide or sodium carbonate/calcium oxide. Adsorb 
with spill pillow or vermiculite. NOTE: Hydrofluoric 
acid is an exception to the general practice, see below 

Acid Chlorides   Do not use water.  Absorb with sand or sodium 
bicarbonate 

Aldehydes Absorb with spill pillow or vermiculite 

Aliphatic Amines   Apply sodium bisulfite. Adsorb with spill pillow or 
vermiculite 

Aromatic Amines   Absorb with spill pillow or vermiculite.  Avoid skin 
contact or inhalation 
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Aromatic Halogenated Amines Absorb with spill pillow or vermiculite.  Avoid skin 
contact or inhalation 

Azides Absorb with spill pillow or vermiculite.  Neutralize 
with 10% ceric ammonium nitrate solution 

Bases (caustic alkalis) Neutralize with acid, citric acid, or commercial 
chemical neutralizers. Absorb with spill pillow or 
vermiculite 

Carbon Disulfide   Adsorb with spill pillow or vermiculite 

Chlorohydrins   Absorb with spill pillow or vermiculite.  Avoid skin 
contact or inhalation 

Cyanides Cyanides  Cover solids with damp paper towel and 
push onto dust pan or use a HEPA filter vacuum to 
collect the solids. Absorb liquids with spill pillow or 
vermiculite 

Halides, organic or inorganic Apply sodium bicarbonate 

Halogenated Hydrocarbons Absorb with spill pillows or vermiculite 

Hydrazine  Avoid organic matter Apply "slaked lime". Adsorb with spill pillow or 
vermiculite 

Hydrofluoric Acid   Some pillows contain silicates which are 
incompatible with hydrofluoric acid. Sodium 
carbonate or bicarbonate should never be 
used to clean up HF spills. They will form 
aerosols with HF that make the cleanup 
process very dangerous. Powdered or 
finely granular calcium sulfate 
(commercial gypsum), calcium carbonate, 
or calcium hydroxide are the best 
materials for neutralizing HF spills.  

Inorganic Salt Solutions Apply soda ash 

Mercaptans/Organic Sulfides Neutralize with calcium hypochlorite solution.  Absorb 
with spill pillow or vermiculite.  

Nitriles Absorb liquids with spill pillows or vermiculite 

Nanoparticles Pick up particles with a HEPA or ULPA filtered 
vacuum 
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Nitro compounds/Organic Nitriles Absorb with spill pillow or vermiculite.  Avoid skin 
contact or inhalation 

Oxidizing Agents   Apply sodium bisulfite 

Peroxides Absorb with spill pillow or vermiculite.   

Phosphates, organic and related Absorb with spill pillow or vermiculite 

Reducing Substances  Absorb with spill pillow or vermiculite 

 

 

PROCEDURE FOR CHEMICAL SPILL ON A PERSON 
• Know where the nearest eyewash and safety shower are located. Lab PIs (responsible 

faculty or assigned supervisors) are responsible for ensuring that emergency drench 
equipment is flushed routinely as required to ensure that it is operating properly and 
safely and that everyone is also trained in the use of this equipment. 

• For small spills on the skin, flush immediately under running water for at least 15 
minutes (for hydrofluoric acid, see first aid and spill information for HF—Appendix G), 
removing any jewelry that might contain residue.  If there is no sign of a burn, wash the 
area with soap under warm running water. 

• If pain returns after the 15-minute flooding, resume flooding the area. When providing 
assistance to a victim of chemical contamination, use appropriate personal protective 
equipment. 

• For a chemical splash in the eyes, immediately flush the eyes under running potable 
water for 15 minutes, holding the eyes open and rotating the eyeballs. This is preferably 
done at an eyewash fountain with tepid water and properly controlled flow.  Hold the 
eyelids open and move the eye uptown, and sideways to ensure complete coverage. If no 
eyewash fountain is available, put the victim on his or her back and gently pour water 
into the eyes for 15 minutes or until medical personnel arrive.  

• For spills on clothing, immediately remove contaminated clothing, including shoes and 
jewelry, while standing under running water or the safety shower. When removing shirts 
or pullover sweaters, be careful not to contaminate the eyes. Cutting off such clothing 
will help prevent spreading the contamination. To prepare for emergencies, shears 
(rounded-tip scissors) should be available in the first aid kit to allow safe cutting of 
contaminated clothing. 

• Consult the MSDS to see if any delayed effects should be expected, and keep the MSDS 
with the victim. Have the victim taken Redfern, or if after hours, to Clemson Health Care 
or the emergency room at Oconee Memorial Hospital or Anderson Memorial Hospital for 
medical attention. Be sure to inform emergency personnel of the decontamination 
procedures used prior to their arrival (for example, washing for 15 minutes with water). 
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Be certain that emergency room personnel are told exactly what the victim was 
contaminated with so they can treat the victim accordingly. 

Emergency Numbers 
911 

Fire Dept. (656-2242) 
 

Environmental Health and Safety (656-2583; 650-8150; 650-8155)   
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APPENDIX E 
 
 

SIGNS AND LABELING 
 

 
Many situations exist in which a person entering an area needs to be made aware that a hazard 
exists in the area or needs to know of restrictions placed on persons entering the area. In 
addition, there are signs which are intended to provide information to individuals in an 
emergency. There are literally hundreds of specialized safety signs and symbols which can be 
purchased for the laboratory.  
 
EMERGENCY INFORMATION SIGNS 
 
An “Emergency Information” sign shall be posted outside all laboratories, either on the outside 
of the door or on the wall beside the door.(It is also a good idea to post one of these signs inside 
the laboratory, near the telephone, if there is a telephone in the lab.) This sign must provide 
telephone numbers for emergency personnel, telephone numbers of responsible faculty and staff, 
information on specific hazards in the laboratory, special precautions. NO EATING, 
DRINKING OR SMOKING should also be included on this sign. In many cases, signs relating 
to specific hazards are mandated by regulatory requirements, while in other cases they represent 
good safety practices. In most cases, the hazard signs will be prefaced by a risk descriptor, 
defining the level of risk represented in the specific instance. The three cautionary words in 
normal use, in decreasing order of risk are DANGER, WARNING, and CAUTION. A blank 
form to be used for this purpose is located at the end of this Appendix. 
 
Standard signs and symbols have been established for a number of special situations, such as 
radioactivity hazards, biological hazards, fire hazards, and laser operations. 
 
BUILDING EVACUATION PLANS 
 
Building evacuation plans should include evacuation routes, emergency telephone numbers, 
location of fire alarms, and area or areas designated for assembly after evacuating. These plans 
should be placed in corridors on all floors of every building. The evacuation plan should enable a 
person unfamiliar with the building to escape in an emergency.  
 
SAFETY EQUIPMENT 
 
Other signs should be posted to show the location of safety showers, eyewash stations, first aid, 
exits, fire extinguishers, and fire alarms. Extinguishers should be labeled to show the type of fire 
for which they are intended. Signs used to indicate location of safety showers, eyewash stations, 
and first aid supplies are green and white. Signs used to indicate location of fire extinguishers, 
fire alarms, and exits are red and white. 
 
WASTE CONTAINERS 
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Waste containers should be labeled for the type of waste that can be safely deposited (e.g., 
biohazardous, broken glass, sharps, etc.). 
 
CHEMICAL STORAGE 
 
Chemical storage rooms should be posted (e.g., DANGER, CHEMICAL STORAGE, 
FLAMMABLE, NO SMOKING, etc.). Chemical storage cabinets should be posted with 
appropriate warnings (e.g., FLAMMABLE, CORROSIVE, POISON, CARCINOGEN, etc.)  
 
LABORATORY EQUIPMENT 
 
Refrigerators, freezers, and microwave ovens in laboratories should be posted (NO FOOD OR 
BEVERAGE TO BE USED FOR HUMAN CONSUMPTION ALLOWED IN THIS…); 
refrigerators and freezers should also be posted (NO FLAMMABLES), unless the refrigerator is 
designed for the storage of flammables. Drying ovens, unless designed for handling volatile and 
flammable materials should be posted accordingly.  
Other laboratory equipment should be posted to indicate hazards (e.g., HOT, FINGER/HAND 
HAZARD, ALWAYS USE SHIELDING, etc.). 
 
OTHER SIGNS 
 
Examples of other important types of signs and a brief description of the types of applications for 
which they would be needed: 
 
1. AREA UNSAFE FOR OCCUPANCY - This is used to indicate a contaminated area or an 

area otherwise rendered unsafe, temporarily or otherwise, for normal use. 
2. ASBESTOS - Asbestos is still used in a number of products employed in laboratories. If 

there is the potential while using these products that asbestos fibers may become airborne, 
the area needs to be marked with a sign: 

 
CAUTION 

ASBESTOS-CONTAINING MATERIAL PRESENT 
 

Note that a sign such as this does not say that there are asbestos fibers in the air. The sign is 
intended to alert people that their actions could result in the generation of airborne asbestos 
fibers. If there is a risk that airborne asbestos fibers may be present, the Asbestos Shop of 
University Facilities and Maintenance needs to be notified. 
 
3. BIOLOGICAL HAZARD -The sign will be accompanied by the standard biological hazard 

symbol indicating that an agent which may prove infectious to human beings is present 
within the area.  

4. CARCINOGENIC HAZARD - The Laboratory Standard requires that areas in which 
carcinogenic agents are in use be designated as such. This can be done with a sign such as: 

 
CARCINOGENIC AGENT 

or 
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CANCER-SUSPECT AGENT 
AUTHORIZED PERSONNEL ONLY 

 
 

Where the agent might be unusually dangerous, the agent would be specified and any special 
protective measures needed would be appended. 
 
5. SAFETY GLASSES REQUIRED - It is recommended that this sign be used at the 

entrances to all active laboratories where chemicals are stored or used. 
6. CRYOGENIC LIQUIDS - All containers which contain cryogenic liquids, most commonly 

liquid nitrogen, but also other gases maintained at very low temperatures should be 
prominently labeled.  

     The container, usually a large flask with walls separated by a vacuum called a dewar,  
       should also be labeled with the cautionary information: 
 

FRAGILE CONTAINER UNDER VACUUM 
MAY IMPLODE 

 
7. HIGH VOLTAGE DANGER - Spaces which contain accessible high voltage panels, such 

as switch rooms and electrical closets, should be locked and provided with these signs to 
warn persons lacking training and experience in working with high voltage circuits not to 
enter. Equipment containing high voltage circuits should also bear this warning label. 

 
8. HYDROGEN-FLAMMABLE GAS, NO SMOKING OR OPEN FLAMES- This sign 

must be posted in all areas where hydrogen is used or stored. 
 
9. INTERLOCKS ON - Equipment with internal hazards, such as X-ray diffraction cameras, 

or areas in which the space is rendered unsafe to enter by the presence of a hazard, are often 
provided with a fail safe circuit, or interlock, which will turn off the equipment creating the 
problem if the circuit is broken. The sign provides a warning that the interlock is on to 
prevent access to the hazard. 

 
10. LASERS - Labeling of lasers should follow 21CFR1040, the Federal Laser Product 

Performance Standard. The spaces in which lasers are located should also have a similar 
warning at the entrance. The label will depend upon the class of laser involved. All of the 
labels will include a stylized sunburst symbol, with a tail extending to the left. The signal 
work CAUTION is to be used with Class II and IIIA laser systems while the signal word 
DANGER is to be used for all Class IIIB and Class IV systems. (Contact the Radiation 
Safety Officer for further information) 

 
11. MACHINE GUARDS IN PLACE - OSHA requires that many machines, such as vacuum 

pumps or shop equipment, be provided with guards over the moving parts. Signs should be 
posted near these machines to remind employees not to use the equipment if the guards are 
not in place. 
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12. MICROWAVES - This sign must be posted in any area where it is possible to exceed the 
current occupationally legal limit of exposure to microwave electromagnetic radiation.  

 
13. NO SMOKING - This sign should be posted wherever flammables are in use; where there is 

a risk of explosion due to the presence of explosives or from gases, vapors, or dusts; and 
where toxic materials are in use. 

 
14. RADIATION AREA - Areas where the radiation exceeds a level established by the NRC 

must be posted. If the level exceeds a higher level set by the NRC, the area must be posted 
with a HIGH RADIATION AREA sign. Most of these areas will be within an area posted 
with a RESTRICTED AREA-AUTHORIZED ADMISSION ONLY sign. Areas where 
radioactive materials are stored should be posted with a CAUTION-RADIOACTIVE 
MATERIALS sign. 

 
15. ULTRAVIOLET LIGHT, EYE PROTECTION REQUIRED - This sign should be 

posted wherever there is risk of eye injury due to ultraviolet light emission. 
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CHEMICAL CONTAINER LABELING 
 
All containers of chemicals in the laboratory shall bear labels indicating contents and  
associated hazards. The hazard warnings can be words, pictures, or symbols which  
provide an immediate understanding of the primary health and/or physical hazard(s) of the  
material. Many manufacturers have designed unique labeling systems to provide the user  
with valuable information about their products.  
 
The following provides information about some labeling systems that are widely used by  
chemical manufacturers. 
 
NFPA 704 LABELING SYSTEM 
 
National Fire Protection Association 704, Standard for the Identification of Fire Hazards of 

Materials, is one of the  
most widely used marking systems. Although there is no University requirement that labeling 

must comply with this  
system, it is helpful to be familiar with these labels as they are so pervasive. Be prepared to 

recognize these 
markings on containers received from vendors. Be aware that this labeling system does not in 

itself meet the  
requirements of the Hazard Communication Standard. 
 
The system was originally devised for industry to use on such facilities as storage tanks or 
buildings so that firefighters could assess the hazard from a safe distance and better evaluate 
what fire-fighting techniques to employ. The system can also be useful in situations other than 
fires when used on container labels or room doors so that a person working in the room or area 
can quickly determine the degree of hazard of a particular chemical. Several kinds of kits with 
pressure-sensitive diamonds and separate numbers in several sizes can be purchased from safety 
supply distributors. 
 
The system does not provide any detailed hazard information and does not supersede the need 

for posting the other  
required information (such as the name of the chemical and the name of the manufacturer) on a 

portable container  
label. The diamond-shaped label shown in the following information identifies three categories 

of hazards in three  
squares of different colors. The blue square at the left indicates health hazard, the red square at 

the top indicates  
flammability, and the yellow square at the right indicates reactivity. 
 
The degree of severity under fire conditions is indicated numerically by five divisions ranging 
from 0 to 4, with 0 indicating no hazard and 4 indicating severe hazard. Any special hazard, such 
as unusual reactivity with water, is indicated in a white square at the bottom of the diamond. A 
more detailed definition of each numerical category appears on at the end of this appendix. 
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HAZARDOUS MATERIALS IDENTIFICATION SYSTEM (HMIS) 
 
In addition to the NFPA 704, another frequently used marking system is that of the Hazardous 

Materials  
Identification System (HMIS). Again, there is no University requirement that this system be  
applied in labeling containers. This system does not meet all the requirements of the Hazard  
Communication Standard. 
 
HMIS was developed by the National Paint and Coatings Association. It uses the same 
numbering system as NFPA 704 for health, flammability, and reactivity hazards, but the label 
includes some additional information. 
 
The identity of the chemical (chemical or trade name) is shown at the top of the label. Instead of 

the three colored  
diamonds used by NFPA 704, the HMIS uses colored bars (blue for health, red for flammability, 

yellow 
for reactivity), each with its separate numerical coding. As in NFPA 704, the degree of hazard is 
expressed in a  
numerical rating on a scale of 0 to 4, with 0 denoting a minimal hazard and 4 a severe hazard. 
 
A white bar at the bottom of the label contains a letter representing one or more personal 

protective devices that 
must be used when handling that substance. The label also specifies chronic health hazards. 

 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
GENERAL AND EMERGENCY INFORMATION 
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Primary Contact (Responsible Faculty/PI) :___________________________ 
Department:_______________________________ 
Office Location  :___________________________ 
Office Phone:______________________________ 
Home Phone:______________________________ 
 
Departmental Safety Coordinator/Contact:___________________________ 
Office Phone:_________________________ 
Home Phone:_________________________ 
Alternate contacts:   
Name:_______________________________ Name:________________________ 
Phone:_______________________________ Phone:________________________ 
Name:_______________________________ Name:________________________ 
Phone:_______________________________ Phone:________________________ 
 
 
Location of Material Safety Data 
Sheets:__________________________________________________________ 
 
Location of University Chemical Hygiene 
Plan:____________________________________________________ 
 
 
Laboratory Hazards: (List specific hazards, such as: Flammable liquids, Carcinogens, 
Mutagens, Corrosives, Explosives, Pyrophorics, Water Reactives, Toxic gases, Biohazards, 
Radioactive materials and give approximate quantities). 
 
 
NO FOOD OR BEVERAGE ALLOWED 
SAFETY GLASSES AND LAB COAT REQUIRED AT ALL TIMES FOR ALL 
PERSONS WORKING IN LAB 
ALL VISITORS MUST WEAR SAFETY GLASSES 
NO ONE BELOW THE AGE OF 16 ALLOWED IN LAB  
DO NOT WEAR LAB COAT OR GLOVES OUT OF LAB UNLESS TRANSPORTING 
CHEMICALS OR BIOHAZARDOUS MATERIALS, ETC.  
 
 
In case of emergency (fire, explosion, chemical spill, etc.) call: 911 
University Fire Department (non-emergency): 656-2242 
University Police Department: 656-2222 
Environmental Health and Safety: 656-2583 
Redfern Health Center: 656-2233 
Clemson Health Center: 654-6800 
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APPENDIX F 
 

SHOCK SENSITIVE AND HIGHLY REACTIVE  
CHEMICALS 

 
HIGHLY REACTIVE CHEMICALS 
 
When the term “routine chemical reaction” is used, it usually implies a safe reaction—safe 
because the reaction rate is relatively slow or can be easily controlled. Highly reactive 
chemicals can lead to reactions that differ from routine mainly in the rate at which they 
progress. Reaction rates almost always increase rapidly as the temperature increases. If the 
heat evolved in a reaction is not dissipated, the reaction rate can increase until an explosion 
occurs. This factor must be considered, particularly when scaling up experiments, so that 
sufficient cooling and surface for heat exchange can be provided. 
 
Some chemicals decompose when heated. Slow decomposition may not be noticeable on a 
small scale, but on a large scale or if the evolved heat and gases are confined, an explosive 
situation can develop. The heat-initiated decomposition of some substances, such as certain 
peroxides, is almost instantaneous. 
 
Light, mechanical shock, and certain catalysts are also initiators of explosive reactions. 
Hydrogen and chlorine react explosively in the presence of light. Examples of shock 
sensitive materials include acetylides, azides, organic nitrates, nitro compounds, and many 
peroxides. Acids, bases, and other substances catalyze the explosive polymerization of 
acrolein, and many metal ions can catalyze the violent decomposition of hydrogen peroxide.  
 
ORGANIC PEROXIDES 
 
Organic peroxides are a special class of compounds that have unusual stability problems 
that make them among the most hazardous substances normally handled in laboratories. 
As a class, they are low-power explosives, hazardous because of their extreme sensitivity to 
shock, sparks, and other forms of accidental ignition. Many peroxides that are routinely 
handled in laboratories are far more sensitive to shock than most primary explosives (e.g., 
TNT). Peroxides have a specific half-life, or low rate of decomposition, under any given set 
of conditions. A low rate of decomposition may autoaccelerate and cause a violent 
explosion, especially in bulk quantities of peroxide. These compounds are sensitive to heat, 
friction, impact, and light, as well as to strong oxidizing and reducing agents. All organic 
peroxides are highly flammable, and fires involving bulk quantities of peroxides should be 
approached with extreme caution. A peroxide present as a contaminant in a reagent or 
solvent can change the course of a planned reaction. 

 
Precautions for handling peroxides: 
 
1. The quantity of peroxide should be limited to the minimum amount required. Unused 

peroxides should not be returned to the container. 
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2. All spills should be cleaned up immediately. Solutions of peroxides can be absorbed on 
vermiculite. 

3. The sensitivity of most peroxides to shock and heat can be reduced by dilution with 
inert solvents, such as alipathic hydrocarbons. However, toluene is known to induce the 
decomposition of diacyl peroxides. 

 
4. Solutions of peroxides in volatile solvents should not be used under conditions in which 

the solvent might be vaporized because this will increase the peroxide concentration in 
the solution. 

 
5. Metal spatulas should not be used to handle peroxides because contamination by metals 

can lead to explosive decomposition. Ceramic or wooden spatulas may be used. 
 
6. Smoking, open flames, and other sources of heat should not be permitted near 

peroxides. 
 
7. Friction, grinding, and all forms of impact should be avoided near peroxides (especially 

solid ones). Glass containers that have screw-cap lids or glass stoppers should not be 
used. Polyethylene bottles that have screw-cap lids may be used. 

 
8. To minimize the rate of decomposition, peroxides should be stored at the lowest possible 

temperature consistent with their solubility or freezing point. Liquid or solutions of 
peroxides should not be stored at or lower than the temperature at which the peroxide 
freezes or precipitates because peroxides in these forms are extremely sensitive to shock 
and heat. 

 
PEROXIDE-FORMING COMPOUNDS 
 
Chemicals that form dangerously explosive peroxides are commonly stored and used in 
laboratories on our campus. Ethers and other peroxidizable materials kept for prolonged 
periods of time after they have been opened will form peroxides that can react explosively 
when the container cap is removed or when they are concentrated during laboratory 
activities.  
 
The following guidelines should be used to handle these products safely: 
 
1. Limit quantities to minimum amount required. 
 
2. Date all containers when they are received, when they are opened, and include a target 

date for disposal on the label. 
 
3. Test containers for peroxides with either wet chemicals or test strips when opened, after 

each month of storage, or prior to heating. 
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4. If peroxides are found, the material should be decontaminated (e.g., filtering through a 
column of chromatographic, basic-grade aluminum oxide until the test is negative) or 
disposed of (contact EHS). 

 
5. Dispose of any peroxide-forming chemical according to expiration date or: 
 
Within three months of opening of: 
 
Isopropyl ether    Divinyl acetylene 
Vinylidene chloride   Potassium metal 
Sodium amide     
 
Within six months of opening of: 
 
Tetrahydrofuran   Methyl 1-butyl ketone 
Ethyl ether    Diacetylene 
Dioxane     Cumene 
Vinyl ethers    Acetal 
Cyclohexane    Ethylene glycol dimethyl ether 
T-butyl alcohol    Metal acetylene 
Tetrahydronaphthalene 
 
Or within one year of opening of: 
 
Styrene     Butadiene 
Tetrafluoroethylene   Chlorotrifluroethylene 
Vinyl acetylene    Vinyl acetate 
Vinyl chloride    Vinyl pyridine 
Chlorobutadiene   9,10-Dihydroanthracene 
Indene     Dibenzocyclopentadiene 
 
Unopened containers of potential peroxide-formers should be disposed of no later than 12 
months after the date of receipt. 
 
6. If stored in a refrigerator, the refrigerator must be explosion-proof. 
 
7. All peroxide-formers should be stored in dark, cool, dry places; but never in a freezer. 
 
8. Never distill unless known to be free of peroxides. 
 
9. Never distill to dryness. 
 
Ethers represent a class of materials which can become more dangerous with prolonged 
storage because they tend to form explosive peroxides with age. Exposure to light and air 
enhance the formation of the peroxides. A partially empty container increases the amount 
of air available, and hence the rate at which peroxides form in the container. It is 
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preferable, therefore, to use small containers which can be completely emptied, rather than 
take amounts needed for immediate use from a larger container over a period of time 
unless the rate of use is sufficiently high so that peroxides will have a minimal time in 
which to form. 
 
POLYNITRO COMPOUNDS 
 
Many polynitroaromatic compounds are shock-sensitive as are some aliphatic compounds 
containing more than one nitro group. Many of these compounds are sold and stored with 
10 to 20 percent water, which desensitizes their reaction to shock.  
 
Picric Acid 
 
Dry picric acid is highly explosive and should be brought into the laboratory only when 
specifically required. Users should have a thorough understanding of its hazards. Although 
not explosive when wetted, picric acid solutions may evaporate to leave the hazardous solid. 
Properly hydrated picric acid will have a moist, yellow appearance. The weight of a new 
bottle of picric should be recorded on the label before opening, and again each time before 
and after removing any material for use. Water should be added as a matter of course. If 
the tare weight has decreased markedly between usages, it may be attributed to the loss of 
water and resulting instability. Picric acid should be stored away from combustible 
materials and should not be kept for extended periods (any material older than two years 
should be disposed). Old containers of picric acid should not be moved or handled. Contact 
EHS for removal. 
 
If you find shock-sensitive compounds that are old or if you are unsure of their stability, or 
if precipitate (crystals around neck or cap of bottle) or oily layers appear, do not try to 
open them.  
 
Shock-sensitive compounds such as picric acid, ethers, dioxane, and tetrahydrofuran 
should always be handled with regard for their explosive power. 
 
SODIUM AZIDE 
 
Sodium azide, a bactericide widely used in medical research, represent a risk due to the 
possible formation of explosive azides with copper, lead, and other heavy metals. Several 
explosions have been documented where sodium azide solutions had been used in 
laboratory equipment or discarded in waste-water piping systems. These explosions usually 
occurred when service personnel applied heat or friction to azide contaminated metallic 
surfaces. 
 
Heavy metal azides are highly explosive and are formed whenever sodium azide is allowed 
to react with metals such as lead or copper. The formation of metallic azides in sewer 
systems is thought to result when water combines with azide leading to the formation of 
hydrazoic acid. Hydrazoic acid, itself an explosive is then able to react with lead or copper 
to form highly explosive metallic azides. 
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To prevent azide formation, the following actions should be considered: 
 
Substitution - Several commercial antibacterial products are available which do not use 
sodium azide (Clear-Bath, Roccal, etc.) 
 
Storage - Sodium azide solutions should not be stored in cabinets or refrigerators with 
exposed copper or lead parts. 
 
Decontamination - Decontamination should be performed prior to repair or discard of all 
sodium azide contaminated metallic components or equipment. The decontamination 
process is as follows: 
 
1. Make a dilute (2-10%) solution of NaOH 
 
2. Pour the NaOH solution into the equipment to flush all contaminated surfaces 
 
3. Treated materials should remain undisturbed for at least 16 hours 
 
4. Repeat two more times at intervals of one week 
 
Disposal- Contact EHS for disposal of sodium azide. 
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LIST OF PEROXIDIZABLE COMPOUNDS 
 
Acetal 
Acetaldehyde 
Acrylamide 
Acrylic Acid 
Acrylonitrile 
Allyl ethyl ether 
Allyl phenyl ether 
Allyl vinyl ether 
1-Allyloxy-2,3-epoxypropane 
Benzyl-1-naphthyl ether 
Benzyl butyl ether 
Benzyl ethyl ether 
Bis(2-ethoxyethyl) ether 
Bis(2-methoxyethyl) ether 
1,3-Butadiene 
1,3-Butadiyne 
2-Butanol 
Buten-3-yne 
Butyl ethyl ether 
Butyl formate 
Butyl vinyl ether 
2-Chloro-1,3-butadiene 
1-Chloro-2,2-diethoxyethane 
2-Chloroacrynitrile 
2-Chloroethyl vinyl ether 
Chloroethylene 
Chloroprene 
Chlorotrifluoroethylene 
Cinnamaldehyde 
Crotonaldehdye 
Cyclohexene 
Cyclooctene 
Cyclopropyl methyl ether 
Decahydronaphthalene 
Decalin 
Di(2-propynyl)ether 
Diacetylene 
Diallyl ether 
Dibenzyl ether 
p-Dibenzyloxybenzene 
1,2-Dibenzyoxyethane 
Dibutyl ether 
1,1-Dichloroethylene 
Dicyclopentadiene 
1,1-Diethoxyethane 
1,2-Diethoxyethane 
Diethoxymethane 
3,3-Diethoxypropene 
Diethyl ether 
Diethyl fumarate 

Diethylene glycol dimethyl 
ether 
Diethylketene 
Digylme 
2,3-Dihydrofuran 
2,3-Dihydropyran 
Diisopropyl ether * 
1,1-Dimethoxyethane 
1,2-Dimethoxyethane 
1,1-Dimethoxypropane 
2,2-Dimethoxypropane 
3,3-Dimethoxypropene 
2,2-Dimethyl-1,3-dioxolane 
2,6-Dimethyl-1,4-dioxane 
1,3-Dioxane 
1,4-Dioxane 
1,3-Dioxep-5-ene 
1,3-Dioxol-4-en-2-one 
Dipropoxymethane 
Dipropyl ether 
Divinyl acetylene * 
Divinyl ether 
1,2-Epoxy-3-isopropoxy       
propane 
1-Ethoxy-2-propyne 
2-Ethoxyethanol 
2-Ethyl butanal 
Ethyl isopropyl ether 
Ethyl propenyl ether 
Ethyl vinyl ether 
2-Ethylacrylaldehyde oxime 
Ethylene glycol dimethyl 
ether 
2-Ethylhexanal 
2-Ethylhexyl vinyl ether 
2-Furaldehyde 
Furan 
Glyme compounds 
4,5-Hexadien-2-yn-1-ol 
2,4-Hexadienal 
2,5-Hexadiyn-1-ol 
2-Hexenal 
Indole-2-carboxyaldehyde 
Isobutyl vinyl ether 
Isobutyraldehyde 
Isopropoxypropionitrile 
Isopropyl ether * 
Isopropyl propyl ether 
Isopropyl vinyl ether 
2-Isopropylacrylaldehyde       
oxime 
Isovaleraldehyde 
 

Limonene 
1,5-p-Menthadiene 
Methoxy-1,3,5,7-cyclo       
octatetraene 
2-Methoxyethanol 
2-Methoxyethyl vinyl 
ether 
Methyl acetylene   
Methyl methacrylate 
4-Methyl-1,3-dioxane 
2-(1-Methylheptyl)-4,6 
dinitrophenyl                   
crotonate 
2,3-Methyl-2-methylene 
butanal 
4-Methyl-2-pentanone 
2-Methyltetrahydrofuran 
Methyl vinyl ether 
2-Penten-4-yn-3-ol 
a-Pentylcinnamaldehyde 
Potassium * (forms 
yellow potassium 
peroxide on the surface) 
Potassium amide 
2-Propanol 
Propionaldehyde 
2-Propyne-1-thiol 
Sodium 5,8,11,14,-
eicosatetraenoate 
Sodium amide * 
Sodium ethoxyacetylide 
Styrene 
1,1,2,3-Tetrachloro-1,3,-
butadiene 
Tetrafluoroethylene 
Tetrahydrofuran 
Tetrahydronaphthalene 
Tetrahydropyran 
Tetralin 
Tridecanal 
1,3,3-Trimethoxypropene 
3,3,5-Trimethyl-2-cyclo-
hexene-1-one                    
(isophorone) 
Vinyl acetate 
Vinyl acetylene 
Vinyl chloride 
Vinyl ethers 
Vinyl pyridine 
4-Vinylcyclohexene 
Vinylidene chloride 

 
 
This is only a partial list of peroxidizable compounds; not intended to be all inclusive. 
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APPENDIX G 

 
HYDROFLUORIC ACID 

 
 

Hydrofluoric acid (HF) is one of the most hazardous chemicals in use on our campus. It is widely 
used in semiconductor work, earth sciences, for sample preparation for analytical labs and other 
specialized applications.  
Hydrofluoric acid is very aggressive physiologically because of the fluoride ion. Both anhydrous 
hydrofluoric acid (hydrogen fluoride) and its solutions are clear, colorless liquids. When exposed 
to air, concentrated solutions and anhydrous hydrofluoric acid produce pungent vapors which are 
especially dangerous. Unless heated, dilute concentrations of hydrofluoric acid in water (e.g. less 
than 40% HF) do not produce significant vapor concentrations.  
 
Skin Contact 
HF can cause serious, painful burns of the skin. Specialized first aid and medical treatment is 
required. Burns larger than 160 sq. cm may result in serious systemic toxicity. Hydrofluoric acid 
is highly corrosive and can severely burn eyes, skin, and mucous membranes. The vapors from 
anhydrous HF or its concentrated solutions can also burn these tissues. In contrast to the 
immediate effects of concentrated HF, the effects of contact with more dilute solutions may be 
delayed, and this is one of the problems with the recognition of some HF burns. Skin contact 
with acid concentrations in the 20% to 50% range may not produce clinical signs or symptoms 
for one to eight hours. With concentrations less than 20%, the latent period may be up to twenty-
four hours. HF concentrations as low as 2% may cause symptoms if the skin contact time is long 
enough.  
HF burns are usually accompanied by severe, throbbing pain which is thought to be due to 
irritation of nerve endings by increased levels of potassium ions entering the extracellular space 
to compensate for the reduced levels of calcium ions, which have been bound to the fluoride.  
The usual signs of an HF burn are redness, edema, and blistering. With more concentrated acids, 
a blanched white area appears. The fluoride ion penetrates the upper layers of the skin. A thick 
granular exudate may form under blisters due to liquefaction necrosis. In rare (and untreated) 
cases, there may be penetration to underlying bone with decalcification.  
 
HF burns require immediate and specialized first aid and medical treatment differing from the 
treatment of other chemical burns. If untreated or if improperly treated, permanent damage, 
disability, or death may result. If, however, the burns are promptly and properly recognized and 
managed, the results of treatment are generally favorable. Speed of the treatment is of the 
essence. Delays in the first aid care or medical treatment or improper medical treatment will 
likely result in greater damage or may, in some cases, result in a fatal outcome. 
 
Systemic toxicity 
One of the most serious consequences of severs exposure to HF by any route is the marked 
lowering of serum calcium (hypocalcemia) and other metabolic changes which may result in a 
fatal outcome if not recognized and treated. Hypocalcemia should be considered a possible risk 
in all instances of inhalation or ingestion, and whenever skin burns exceed 160 square 
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centimeters. Serum magnesium may also be lowered, and elevations in serum potassium have 
been reported to further complicate the metabolic imbalances which will need to be monitored 
and corrected. High levels of fluorides have been noted both in the blood and body organs. 
Hemodialysis has been reported to be effective therapy for cases of severe systemic intoxication. 
Treatment for shock may also be required as for other severe injuries. 
 
Eye Contact 
Hydrofluoric acid can cause severe eye burns with destruction or opacification of the cornea. 
Blindness may result from severe or untreated exposures. Immediate first aid and specialized 
medical care is required.  
 
Inhalation 
Hydrofluoric acid vapors may cause laryngospasm, laryngeal edema, bronchospasm and/or acute 
pulmonary edema. Acute symptoms may include coughing, chest tightness, chills, fever, and 
cyanosis. Many reported fatalities from HF exposures have been due to severe pulmonary edema  
(coupled with systemic toxicity) that did not respond to medical treatment.  
Burns from vapors or liquid contact to the oropharyngeal mucosa or upper airway may cause 
severe swelling to the point of requiring a tracheostomy. It is recommended that all patients with 
such exposure be hospitalized for observation and/or treatment.  
Because of the strong irritant nature of hydrofluoric acid, an individual inhaling HF vapors will 
usually experience upper respiratory injury, with mucous membrane irritation and inflammation 
as well as cough. All individuals suspected of having inhaled HF should be observed for 
pulmonary effects. This would include those individuals with significant upper respiratory 
irritation, bronchoconstriction by plumonary ausculation or spirometry, and any individual with 
HF exposure to the head, chest, or neck areas. It has been reported that pulmonary edema may be 
delayed for several hours and even up to two days. If there is no upper respiratory irritation, 
significant inhalation exposure can generally be ruled out.  
The Permissible Exposure Limit (PEL) set by the U.S. Occupational Safety and Health 
Administration (OSHA) is a time weighted average exposure for 8 hours or 3ppm. The American 
Conference of Governmental Industrial Hygienists (ACGIH) recommends a ceiling level of 
3ppm or 2.3 mg/m3. The National Institute for Occupational Safety and Health (NIOSH) has 
established the level that is immediately dangerous to life and health (IDLH) at 30ppm. The 
American Industrial Hygiene Association has published an Emergency Response Planning 
Guideline setting 50ppm as the maximum level below which nearly all individuals could be 
exposed for one hour without experiencing or developing life-threatening health effects or 
symptoms which would impair taking protective action and 2ppm as the maximum level below 
which nearly all individuals could be exposed up to one hour without experiencing other than 
mild, transient adverse health effects.  
 
 
 
Ingestion 
 
If hydrofluoric acid is ingested, severe burns to the mouth, esophagus and stomach may occur. 
Severe systemic effects usually also occur. Ingestion of even small amounts of dilute HF have 
resulted in death.  
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First Aid Treatment for Hydrofluoric Acid Burns 
A. Skin Contact 

1. Move victim immediately under safety shower or other water source and flush affected 
area thoroughly with large amounts of cool running water. Speed in washing off the acid 
is of primary importance. 

2. Remove all contaminated clothing while flushing with water. 
3. Rinse with large amounts of cool running water. If 0.13% benzalkonium chloride solution 

or 2.5% calcium gluconate are available, the rinsing may be limited to 5 minutes, with the 
soaks of gel applied as soon as the rinsing is stopped. If benzalkonium chloride or 
calcium gluconate gel is not available, rinsing must continue until  medical treatment is 
rendered.  

4. While the victim is being rinsed with water, someone should alert first aid or medical 
personnel and arrange for subsequent treatment.  

5. Immediately after thorough washing, use one of the measures below: 
a. Begin soaking the affected areas in iced 0.13% benzalkonium chloride solution.  
 
      Use ice cubes, not shaved ice, in order to prevent frostbite. 

 
If immersion is not practical, towels should be soaked in iced 0.13% benzalkonium 
chloride solution and used as compresses for the burned area.  
 
Compresses should be changed every two to four minutes.  
 
Do not use benzalkonium chloride solution for burns of the eyes. Exercise caution 
when using benzalkonium chloride solution near the eyes as it is an eye irritant. 
 
Benzalkonium chloride soaks or compresses should be continued until pain is 
relieved or until more definitive medical treatment is provided.  
 

b. Start massaging 2.5% calcium gluconate gel into the burn site. 
 

Apply gel every 15 minutes and massage continuously until pain and/or redness 
disappear or until more definitive medical care is given. 
 
It is advisable for the individual applying the calcium gluconate gel to wear  gloves to 
prevent a possible secondary HF burn. 

 
6. After treatment of burned areas is begun, the victim should be examined to ensure 

there are no other burn sites which have been overlooked. 
 

7. Arrange to have the victim seen by a physician. During transportation to a medical  
Facility or while waiting for a physician to see the victim, continue the benzalkonium 
chloride soaks or compresses or continue massaging calcium gluconate gel.  
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8. The physician may advise continued treatment with benzalkonium chloride or  
calcium gluconate gel. 

B. Eye Contact 
 

a. Immediately flush the eyes for at least 15 minutes with large amounts of gently flowing 
water. Hold the eyelids open and away from the eye during irrigation to allow thorough 
flushing of the eyes. Do not use the benzalkonium chloride solutions described for skin 
treatment.  If sterile 1% calcium gluconate solution is available, washing may be limited 
to 5 minutes, after which the 1% calcium gluconate solution should be used repeatedly to 
irrigate the eye using a syringe. 

b. Take the victim to a doctor, preferably an eye specialist, as soon as possible. Ice water 
compresses may be applied to the eyes while transporting the victim to the doctor.  

c. If a physician is not immediately available, apply one or two drops of 0.5% tetracaine 
hydrochloride solution or other aqueous, topical ophthalmic anesthetic and continue 
irrigation. Use no other medication unless instructed to do so by a physician. Rubbing of 
the eyes is to be avoided.  

 
C. Inhalation of Vapors 
 

a. Immediately move victim to fresh air and get medical attention. 
 

b. Keep victim warm, quiet, and comfortable. 
 

c. If breathing has stopped, start artificial respiration at once. Make sure mouth and throat 
are free of foreign material and airway is open. 

 
d. Oxygen should be administered as soon as possible by a trained individual. Continue 

oxygen while awaiting medical attention unless instructed otherwise by a physician.  
 

e. A nebulized solution of 2.5% calcium gluconate may be administered with oxygen by 
inhalation. 

 
f. Do not give stimulants unless instructed to do so by a physician. 

 
g. The victim should be examined by a physician and held under observation for at least a 

24 hour period. 
 

h. Vapor exposures can cause skin and mucous membrane burns as well as damage to 
pulmonary tissue. Vapor burns to the skin are treated the same as liquid HF burns. 

 
D. Ingestion  
 

a. Have the victim drink large amounts of water as quickly as possible to dilute the acid. Do 
not induce vomiting. Do not give emetics or baking soda. Never give anything by mouth 
to an unconscious person. 
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b. Give several glasses of milk or several ounces of milk of magnesia, Mylanta, Maalox, 
Etc. The calcium or magnesium in these compounds may act as an antidote.  
 

c. Get immediate medical attention. 
 
 
The OHSA Lab Standard requirement falls under Section (e)(3)(viii), “Provisions for additional 
employee protection for work with particularly hazardous substances.” The following 
instructions will facilitate the establishment of an HF use area in your lab. 
 
1) A standard operating procedure (SOP) for the use of HF in your lab should be in place. This 

is mandated by the Laboratory Standard. The written SOP (preferably laminated) should be 
posted next to the area where the HF is used as well as a copy kept in the Chemical Hygiene 
Plan in the section where all individual laboratory SOPs are kept.  Everyone who will be 
using HF is required to read and understand the MSDS as well as the contents of this 
protocol before they are allowed to handle this chemical.  

2) HF may only be used in a properly working chemical hood. All benchtop use of HF is 
disallowed. A “danger” sign must be posted in a prominent position on the front of the hood 
where HF is used and also on the cabinet where HF is stored.  In addition, the following 
points must be observed: 
a) The area in the hood where HF is used should be taped-off with a good grade of 

permanent tape to designate the use area. 
b) The area of the floor immediately in front of the HF use area should be taped-off. This 

means a rectangle, with the HF use area of the hood as one side of the rectangle, 
extending at least three feet from the hood must be defined with a highly visible tape 
which will stay stuck to the floor with normal use and maintenance.  Only those 
individuals meeting the requirements for HF use may enter the taped-off area when HF is 
in active use.  

c) A sturdy plastic tray with at least a 1 inch lip must be used for all operations with HF to 
serve as containment in the event of an HF spill. 

d) Containers of HF should never be left open. They should be open even in the hood only 
when necessary. HF will etch the glass of the hood sash causing it to cloud over. If a 
hood is used heavily or continuously for processes involving HF, it may be necessary to 
replace the glass sash with polycarbonate plastic.  

e) Sodium carbonate or bicarbonate should never be used to clean up HF spills. They will 
form aerosols with HF that make the cleanup process very dangerous. Powdered or finely 
granular calcium sulfate (commercial gypsum), calcium carbonate, or calcium hydroxide 
are the best materials for neutralizing HF spills. HF combines with the Ca++ ion and is 
rendered insoluble as CaF2. You should have one or more of these materials in your lab 
at all times in case of HF spill. See Chemical Hygiene Plan (Appendix D) for more 
complete information on Spill Cleanup Procedures. 

f) All containers of chemicals must be properly labeled.  When making dilutions of HF in a 
container other than the original container, the new container label must include the 
complete chemical name, hazards, and date of preparation at a minimum.  

g) No one may work alone when using HF. A buddy system must be in place, even if the  
“buddy” is in an adjacent room. This is critical in the event of a spill or exposure. 
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h) Personal Protective Equipment (PPE) required for use of HF is as follows: 

a) All work with HF must be done in a properly working chemical hood. The sash must 
be kept as low as possible, preferably 6-10 inches from the hood deck. If you have 
any doubts about the functionality of the hood, please contact EHS. 

b) Appropriate gloves. I recommend “Silver Shield” or “4-H” brand gloves with nitrile 
gloves over them.  

c) Splash goggles must be worn at all times HF is in use. 
d) If work cannot be completed with the hood sash at the 6-10 inch height, a face shield 

is required. 
e) A lab coat, a rubber apron and sleeve protectors should also be worn. 
f) As with all laboratory operations involving chemicals, long pants and substantial 

shoes that cover the entire foot (no sandals, cloth or canvas shoes) must be worn. 
g) No eating or drinking is allowed in any Clemson University lab at any time. 
h) Exercise caution with PPE and lab clothing used for HF work. In the event that PPE 

becomes contaminated, it should be effectively decontaminated disposed of properly. 
i) First aid knowledge is very important with HF use. No one is allowed to use HF 

without having studied the MSDS and required first aid response to exposure to HF. 
The Allied Signal publication and the MSDS give excellent first aid information.  

j) Calcium gluconate gel (or other recommended treatment) must be available in every 
lab/area where HF is used. It must be kept in a first aid kit or other location known to 
all employees. Calcium gluconate (or other treatment) must be replaced as necessary 
(before expiration date) to ensure its effectiveness. 

k) Anyone experiencing an HF burn/exposure must report to Redfern Health Center (or 
Clemson Health Center, Oconee Hospital Emergency Room, or Anderson Hospital 

 
Emergency Room during after hours for Redfern) where the exposed individual will be given 
immediate medical attention. 
 
There are now some alternative procedures to etch silicon that don’t use concentrated HF. For 
example, there is an ammonium bifluoride preparation that may be used to etch silicon in some 
situations. Perhaps the literature of your discipline may have examples of other alternatives to 
the use of HF.  
 
Re:  AlliedSignal Chemicals “Recommended Medical Treatment for Hydrofluoric Acid 
Exposure” 
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APPENDIX H 
 

PERSONAL PROTECTIVE EQUIPMENT 
 
 

This regulation requires employers to ensure that personal protective equipment be 
“provided, used, and maintained in a sanitary and reliable condition wherever it is 
necessary…” to prevent injury. This includes protection of any part of the body from 
hazards through absorption, inhalation or physical contact.  

 
Employers must not only ensure that the proper personal protective equipment is 
available and properly maintained, but they must also ensure that employees wear the 
proper personal protective equipment. 
 

 
EYE AND FACE PROTECTION 

(29CRF 1910.133) 
 

Section I. Introduction 
II. Equipment 
III.  Special Hazards 
IV. Eye-Hazard Areas 
V. Supervisor's Responsibilities 

 
 
I. INTRODUCTION 
 

The Occupational Safety and Health Act of 1970 and good safety practices dictate that 
"Protective eye and face equipment shall be required where there is a reasonable 
probability of injury that can be prevented by such equipment.  Suitable eye protectors 
shall be provided where machines or operations present the hazard of flying objects, 
glare, liquids, injurious radiation, or a combination of these factors." Employers must 
provide a type of protector suitable for work to be performed and employees must use the 
protectors. These stipulations also apply to supervisors, management personnel, and 
visitors while they are in hazardous areas. 
 

II. EQUIPMENT 
 

The type of eye protection required depends on the hazard. For most situations, safety 
glasses with side shields are adequate. Where there is danger of splashing chemicals, 
safety goggles are required. For more hazardous operations, a combination face shield 
and safety goggles or glasses (some of which may be supplied with prescription lenses) 
should be used. Failure to wear the prescribed eye-protection equipment is grounds for 
disciplinary action. The Office of Environmental Health and Safety will assist in the 
choice of suitable protective equipment.  
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Design, construction, tests, and use of eye and face protection purchased prior to July 5, 
1994, must be in accordance with ANSI Z87.1-1968 USA Standard Practice of 
Occupational and Educational Eye and Face Protection. Protective eye and face devices 
purchased after July 5, 1994, must comply with ANSI Z87.1-1989, American National 
Standard Practice for Occupational and Educational Eye and Face Protection. 
 
 
 
 
 
 
 
Protectors must meet the following minimum requirements: 
 

• Provide adequate protection against the particular hazard 
• Be reasonably comfortable when worn under the designated conditions 
• Fit snugly without interfering with the movements or vision of the wearer 
• Be durable 
• Be capable of being disinfected 
• Be easily cleanable and kept clean and in good repair 

 
A. Selection 

 
Each eye, face, or face-and-eye protector is designed for a particular hazard. In selecting 
the protector, consideration should be given to the kind and degree of hazard, and the 
protector should be selected on that basis. Where a choice of protectors is given, and the 
degree of protection required is not an important issue, worker comfort may be a deciding 
factor. 
 
Persons using corrective spectacles and those who are required by OSHA to wear eye 
protection must wear face shields, goggles, or spectacles of one of the following types: 
 

• Safety Spectacles with protective lenses providing optical correction 
• Goggles worn over corrective spectacles without disturbing the adjustment of 

the spectacles; or 
• Goggles that incorporate corrective lenses mounted behind the protective 

lenses. 
 

For those employees who wear prescription lenses and a suitable safety glass to be worn 
over your lenses cannot be found, you should request through your supervisor to have 
your lenses incorporated into safety glass frames. The University has a contract with The 
Eye and Lens Association (offices in Clemson and Seneca) to provide safety spectacles 
or goggles with protective lenses providing optical correction. In most cases, these frames 
can be obtained from the Eye and Lens Assoc. for $50-100 (you must provide a 
prescription from your Optometrist/Ophthalmologist or arrange with the Eye and Lens 
Assoc. to provide that service independently of this arrangement). Approved safety 
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frames that may be taken to your Optometrist for insertion of protective lenses providing 
optical correction are available from Fisher and other safety supply companies. Safety 
spectacles require special frames. Combinations of normal street wear frames with safety 
lenses are not in compliance. All safety glasses must have sideshields.  
 
B. Inspection and Maintenance 

 
It is essential that the lenses of eye protectors be kept clean. Continuous vision through 
dirty lenses can cause eyestrain - often an excuse for not wearing the eye protectors. 
Daily inspections and cleaning of the eye protector with soap and warm water, or with a 
cleaning solution and tissue, is recommended. 
 
Pitted lenses, like dirty lenses, can be a source of reduced vision. They should be 
replaced. Deep scratches or excessively pitted lenses are apt to break more readily. 
Slack, worn-out, sweat-soaked, or twisted headbands do not hold the eye protector in 
proper position. Visual inspection can determine when the headband elasticity is reduced 
to a point beyond proper function. 
 
Goggles and safety glasses should be kept in a case when not in use. Spectacles, in 
particular, should be given the same care as one’s own glasses, since the frame, nose 
pads, and temples can be damaged by rough usage. 
 
Personal protective equipment that has been previously been used should be thoroughly 
disinfected before being issued to another employee. 
 
Personal protective equipment should be cleaned and disinfected regularly. Several 
methods for disinfecting eye-protective equipment are available. The most effective 
method is to thoroughly clean all parts with soap and warm water. Carefully rinse all 
traces of soap, and replace any defective straps, etc. Swab thoroughly or completely and 
immerse all parts for 10 minutes in a solution of germicidal deodorant fungicide. Remove 
parts from solution and suspend in a clean place for air drying at room temperature or 
with heated air. Do not rinse after removing parts from the solution because this will 
remove the germicidal residue that retains its effectiveness after drying. 
The dry parts or items should be placed in a clean, dust-proof container, such as a box, 
bag, or plastic envelope, to protect them until usage or reissue. 

 
III. SPECIAL HAZARDS 
 

Contact lenses do not provide eye protection. The capillary space between the contact 
lenses and the cornea may trap material present on the surface of the eye. Chemicals 
trapped in this space cannot be washed off the surface of the cornea. If the material in the 
eye is painful or the contact lens is displaced, muscle spasms will make it very difficult to 
remove the lens. Therefore, contact lenses must not be worn by persons exposed to 
hazardous chemicals unless appropriate safety eyewear is also worn to provide full 
protection. It is the responsibility of supervisors to identify employees who wear contact 
lenses. 
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The Occupational Safety and Health Administration requires that where the eyes and 
body of any person may be exposed to injurious materials, suitable facilities for quick 
drenching or flushing of the eyes and body must be provided within the work area for 
immediate emergency use.  

 
IV. EYE-HAZARD AREAS 
 

Eye-protective equipment must be worn in the following areas:  
 

• In laboratories where hazardous chemicals are used or stored. 
 

• Explosive materials are handled. 
 

• Hollow glassware is under vacuum or pressure. 
 

• Cryogenic materials are handled. 
 
• Flying particles may be generated (grinders, mills, power saws, drill presses, lathes) 
 
• Molten metal is used or metal is melted (soldering, leading joints, etc.). 

 
• Gas or electric arc welding is done. 

 
• Processes can produce aerosols of infectious agents (removing lyophil vials from 

liquid nitrogen, etc.). 
 
• Any area posted “Eye Hazard Area“. 

 
Help for supervisors in identifying "Eye-Hazard Areas" is available from the Office of 
Environmental Health and Safety.  
 
V. SUPERVISOR'S RESPONSIBILITIES 
 
The supervisor is responsible for: 
 
*  Determining that an eye hazard exists. 
 
*  Placarding the work area. 
 

• Determining the type of eye protection equipment needed; obtaining necessary 
assistance from the Office of Environmental Health and Safety. 

 
• Ensuring that the equipment is available to employees. 

 
• Ensuring that the accessory protective equipment is worn by employees. 
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HEARING PROTECTION 
29CFR 1910.95 

 
 

Exposure to high noise levels can cause hearing loss or impairment. It can create physical and 
psychological stress. There is no cure for noise-induced hearing loss, so the prevention of 
excessive noise exposure is the only way to avoid hearing damage. Specially designed protection 
is required depending on the type of noise encountered. 
 
Preformed or molded ear plugs should be individually fitted by a professional. Waxed, cotton, 
foam, or fiberglass wool earplugs are self-forming. When properly inserted, they work as well as 
most molded earplugs. 
 
Some earplugs are disposable, to be used one time and then thrown away. The non-disposable 
type should be cleaned after each use for proper protection. Plain cotton is ineffective as 
protection against hazardous noise. 
 
Earmuffs need to make a perfect seal around the ear to be effective. Glasses, long sideburns, long 
hair, and facial movements, such as chewing, can reduce protection. Special equipment is 
available for use with glasses or beards. 
 
For extremely noisy situations, earplugs should be worn in addition to earmuffs. When use 
together, earplugs and earmuffs change the nature of sounds; all sounds are reduced including 
one’s own voice, but other voices or warning devices are easier to hear. 
 
Supervisors are responsible for ensuring that employees are provided and use hearing protection 
where it is needed. To determine if employees in your area are being exposed to hazardous noise 
levels and should be wearing hearing protection, contact the Industrial Hygienist or EHS. 
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FOOT PROTECTION 
29CRF 1910.136 

 
Protective footwear is a requirement for many workplaces. OSHA states in its Occupational Foot 
Protection regulation 29CFR 1910.136(a), that “each affected employee shall wear protective 
footwear when working in areas where there is danger of foot injuries due to falling or rolling 
objects, or objects piercing the sole, and where such employee’s feet are exposed to electrical 
hazards.” 
 
Protective footwear purchased prior to July 5, 1994, must comply with ANSI Z41.1-1967, USA 
Standard for Men’s Safety-Toe Footwear. Protective footwear purchased after July 5, 1994, must 
comply with ANSI Z41-1991 American National Standard for Personal Protection-Protective 
Footwear. 
 
In this regulation, OSHA defers to an American National Standards Institute (ANSI) standard for 
determining what constitutes “protective footwear”. The ANSI Standard referenced below is: 
ANSI Z41-1991. 
 
ANSI Z41-1991 defines performance measurements and test methods for protective footwear. 
The standard contains performance measurements for impact and compression protection for the 
toes, metatarsal protection for the toes and metatarsal area (top of foot), electrical hazard 
protection against punctures and penetration.  
 
An important point to remember is that the ANSI Standard does not allow for the use of add-on 
type devices (such as strap-on foot, toe, or metatarsal guards) as a substitute for protective 
footwear. “The toe box shall be incorporated into the footwear during construction and shall be 
an integral part of the footwear.” Add-on devices are suitable only for visitors, or for employees 
temporarily assigned to areas where safety-toed footwear is required.  
 
Protective footwear can meet all the requirements of the ANSI standard, or specific elements of 
it. A steel-toed workboot that meets the impact and compression requirements of the standard 
may not provide protection for the metatarsal or offer puncture protection in the sole. 
All footwear manufactured to ANSI specifications will be marked with the specific portion of the 
standard with which it complies. The ANSI Standard incorporates a coding system that 
manufacturers use to identify the portions of the standard with which the footwear complies. The 
following is an example of an ANSI code that could be found on protective footwear: 
 
 
 
 
ANSI Z41 PT 91 
FI/75 C/75 MT/75 
Cd 1 EH 
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PR 
Line #1: ANSI Z41 PT91 
This line identifies the ANSI standard. The letters PI indicate the protective toe section of the 
standard. This is followed by the last two digits of the year of the standard with which the 
footwear meets compliance (1991). 
 
Line #2: FI/75 C/75 MT/75 
This line identifies the applicable gender (M or F) for which the footwear is intended. It also 
identifies the impact resistance (I) rating (75, 50, or 30 foot-pounds), compression resistance (C ) 
rating (75, 50, or 30 which correlates to 2500 lbs., 1750 lbs. And 1000 lbs. of compression 
respectively). This line can also include a metatarsal designation (MT) and rating (75,50, or 30 
foot-pounds). 
 
Lines 3 & 4: Cd 1 EH PR 
This area of the code designates conductive properties (Cd) and type (1 or 2), electrical hazard 
(EH) and puncture resistance (PR), if applicable.  
 
The identification code must be legible (printed, stamped or stitched) on one shoe of each pair of 
protective footwear. 
 
When selecting protective footwear, an occasional point of confusion is the difference between 
steel shanks and steel midsoles. These items are not interchangeable. A steel shank is a relatively 
narrow piece of metal that’s inserted into the arch area strictly for support purposes. Steel 
midsoles, on the other hand, provide puncture protection on the soles of the footwear. According 
to the ANSI standard, protective steel midsoles, “shall cover the maximum area of the insole 
allowed by the construction of the footwear and shall at least extend from the toe to overlap the 
breast of the heel.” 
 
Protective footwear with steel midsoles can be easily distinguished by the PR marking in the 
ANSI compliance code. The ANSI standard does not contain a marking to distinguish footwear 
that incorporate steel shanks. 
 
All footwear requires routine inspection for cuts, holes, tears, cracks, worn soles, and other 
damage that could compromise the footwear’s protective qualities. Outsoles should be kept free 
of stones, tacks, nails, and other debris. Footwear should be cleaned according to the 
manufacturer’s instructions. 

 
 
 

HEAD PROTECTION 
29CFR 1910.135 

 
 

I. Introduction 
II. Criteria 
III. Selection  
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IV. Fit 
 
V. INSPECTION AND MAINTENANCE 
 
INTRODUCTION 
 
Head injuries are caused by falling or flying objects, or by bumping the head against a fixed 
object. Head protection, in the form of protective hats, must do two things - resist penetration 
and absorb the shock of a blow. This is accomplished by making the shell of the hat of a material 
hard enough to resist the blow, and by utilizing a shock-absorbing lining composed of headband 
and crown straps to keep the shell away from the wearer’s skull. Protective hats also are used to 
protect against electrical shock. 
 
CRITERIA 
 
The standards recognized by OSHA for head protection purchased prior to July 5, 1994, are 
contained in ANSI Requirements for Industrial Head Protection, Z89.1-1969, and ANSI 
Requirements for Industrial Protective Helmets for Electrical Worker, Z89.2-1971. The 
standards for helmets purchased after July 5, 1994, are contained in ANSI Personnel Protection-
Protective Headware for Industrial Workers-Requirements, Z89.1-1986.  
 
SELECTION 
 
Each type and class of head protectors is intended to provide protection against specific 
hazardous conditions. An understanding of these conditions will help in selecting the right 
protection for the particular situation. 
 
Head protection is made in the following types and classes: 
 
Type 1 - helmets with full brim, not less than 1 and ¼ inches wide, and 
Type 2 - brimless helmets with a peak extending forward from the crown. 
 
For industrial purposes, three classes are recognized: 
 
Class A - general service, limited voltage protection; 
Class B - utility service, high-voltage helmets, and 
Class C - special service, no voltage protection. 
 
Helmets under Class A are intended for protection against impact hazards. They are used in 
mining, construction, shipbuilding, tunneling, lumbering, and manufacturing. 
 
Class B, utility service helmets protect the wearer’s head from impact and penetration by falling 
of flying objects and from high-voltage shock and burn. They are used extensively by electrical 
workers. 
 
The safety helmets in Class C are designed specifically for lightweight comfort and impact 
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protection. This class is usually manufactured from aluminum and offers no dielectric protection. 
Class C helmets are used in certain construction and manufacturing occupations, oil fields, 
refineries, and chemical plants where there is no danger from electrical hazards or corrosion. 
They also are used on occasions where there is a possibility of bumping the head against a fixed 
object. 
 
Materials used in helmets should be water-resistant and slow burning. Each helmet consists 
essentially of a shell and suspension. Ventilation is provides by a space between the headband 
and the shell. Each helmet should be accompanied by instructions explaining the proper method 
of adjusting and replacing the suspension and headband. 
 
The wearer should be able to identify the type of helmet by looking inside the shell for the 
manufacturer, ANSI designation and class.  
 
FIT 
 
Headbands are adjustable in 1/8-size increments. When the headband is adjusted to the right size, 
it provides sufficient clearance between the shell and the headband. The removable or 
replaceable type sweatband should cover at least the forehead portion of the headband. The shell 
should be of one-piece seamless construction and designated to resist the impact of a blow from 
falling material. The internal cradle of the headband and sweatband forms the suspension. Any 
part that comes into contact with the wearer’s head must not be irritating to normal skin. 
 
 
INSPECTION AND MAINTENANCE 
 
Manufacturers should be consulted with regard to paint or cleaning materials for their helmets 
because some paints and thinners may damage the shell and reduce protection by physically 
weakening it or negating electrical resistance. 
A common method of cleaning shells is dipping them in hot water (approximately 140F) 
containing a good detergent for at least one minute. Shells should then be scrubbed and rinsed in 
clear hot water. After rinsing, the shell should be carefully inspected for any signs of damage.  
 
Users are cautioned that if unusual conditions occur (such as higher or lower extreme 
temperatures than described in the standards), or if there are signs of abuse of mutilation of the 
helmet or any component, the margin of safety may be reduced. If damage is suspected, helmets 
should be replaced.  
 
Helmets should not be left in sunlight or extreme temperatures when not in use. 
 
Supervisors are responsible for ensuring that employees receive and use head protection when 
applicable.  
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HAND PROTECTION 
29CRF1910.138 

 
 

Hand Protection and Glove Selection 
 

 
Introduction 

 
Glove selection is difficult for many lab staff.  Different references seem to give conflicting information 
and the many available styles and types of glove materials add another layer of confusion.  The process 
of glove selection can also be very time consuming.   Consequently, many chemical users select a glove 
that may not be appropriate for the chemicals in use.    
 
Due to the publicity surrounding the death of a prominent Dartmouth researcher, Federal OSHA has 
placed a strong emphasis on hand protection in the workplace, especially in academic and R&D labs.  
 
Supervisors are responsible for the selection and application of gloves and other personal 
protective equipment in the workplace.   
 
The key to adequate glove selection is to only use the glove selection charts provided by the glove 
manufacturer for the glove in use and to not rely on other references.  This is advisable since different 
manufacturers use different formulations for their polymers and a glove from one firm may not have the 
same chemical resistance as a glove which appears to be an identical glove made by another firm.   
 
Glove selection based on the manufacturers’ glove selection charts is often impossible, as only a limited 
range of chemicals have been tested for use with a specific manufacturer’s glove.   In particular, many 
research grade chemicals are used in such small quantities that they will probably never be tested by the 
various glove manufacturers.  If a chemical is not listed on a glove selection chart it is advisable to have 
a specialist in personal protective equipment (PPE) make the glove selection for you. Usually, the 
manufacturer of the chemical will have specialists available to help you with this selection. In this case 
the PPE specialist would attempt to match  the known characteristics of the chemical to be used with the 
known characteristics of the polymers commonly used to make gloves to select a glove that would be 
appropriate.   
 
If a particular manufacturer’s glove charts vary from the glove selections below, follow the 
manufacturer’s glove charts for the model of glove recommended or contact EH&S (Naomi Kelly) at 
656-7554 for a second opinion on glove selection for the chemical in use. Fisher Scientific and other lab 
supply distributors carry an assortment of 4 mil and 8 mil disposable nitrile gloves.  They also a wide 
variety of other types of gloves. 
 
Latex gloves, especially thin, disposable exam gloves, are widely used in labs, shops and many 
other work environments.  Our concern is two-fold: latex gloves offer little protection from 
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commonly used chemicals and many people, up to 20% of the population by some estimates, are 
allergic to latex products.   
 
The use of latex gloves is only appropriate for: 
 
 most biological materials 
 nonhazardous chemicals 
 clean work area requirements 
 medical or veterinary applications 
 
 
Latex gloves offer no protection against many common lab and shop chemicals.  They will severely 
degrade, often in a matter of seconds or minutes, when used with some materials. 
 
 
 
Staff required to wear latex gloves should receive training on the potential health effects related to latex.  
Hypo-allergenic, non-powdered gloves should be used when possible.  If a good substitute glove 
material is available, use gloves made of a material other than latex.  A general purpose substitute for 
latex products are light-weight nitrile gloves.  
 
Many of the recommendations below are for “incidental contact.”  This means that, as with 
many chemical procedures, no or very little actual contact with a chemical in use is anticipated. 
The gloves specified are basically there to prevent chemical contact with the skin when some- 
thing goes wrong--a spill or splash to the hand, over spray from a dispensing device, etc.  As 
soon as practical after the chemical makes contact with the gloved hand the gloves are removed 
and replaced.  Often a glove specified for incidental contact is not suitable for extended contact, when 
the gloved hands may come into substantial contact with or actually may become covered with or 
immersed in the chemical in use.  Generally speaking, a more substantial glove is required for extended 
contact than incidental contact, although there are exceptions. 
 
The practice of double gloving is recommended for many materials listed below.  Two pairs of gloves 
are worn, one over the other.  This affords a double layer of protection.   If the outer glove starts to 
degrade or tears open the inner glove continues to offer protection until the gloves are removed and 
replaced.  Best practice is to check the outer glove frequently, watching for signs of degradation (change 
of color, change of texture, etc.).  With the first sign of degradation remove the outer glove and replace 
with new gloves.    
 
There are different approaches to double gloving.   The most common practice is to wear a thin 
disposable glove (4 mil nitrile) under a heavier glove (8 mil nitrile).  The outer glove is the primary 
protective barrier while the under glove retains dexterity and acts a vapor barrier in the event of 
mechanical failure or the permeation of the chemical in use through the outer glove.  Alternately, you 
can wear the heavier (and usually more expensive and durable) nitrile glove as the under glove and wear 
thinner disposable nitrile gloves over those, changing the thinner outer gloves frequently.  It is 
sometimes desirable to double glove with two sets of gloves made from different materials.  Here, in the 
event of the failure of one material, the second, different material will act as a protective barrier until the 
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gloves can be removed.   The technique of using gloves of different materials is often advisable when a 
mixture of hazardous materials is in use.  One type of material gives protection against one component 
or class of chemicals in the mixture and the second glove material gives protection against other 
components of the mixture.  The requirements for double gloving and the materials of the gloves 
selected are specific to the chemical(s) in use. 
 
For those materials that are rated "supertoxic" which are easily absorbed through the skin, 
the glove material generally recommended is Norfoil (Silver Shield by North Hand Protection, 4H by 
Safety4, or New Barrier™  brand by Ansell Edmont).  Norfoil is a thin, five layer laminate with each 
layer made of a different polymer.  They are chemically resistant to a wide range of materials that 
readily attack other glove materials.  (Note that one of the common lab chemicals for which they are not 
recommended is chloroform.)  Norfoil gloves look odd, like they were stamped out of a common 
garbage bag.  They tend to be somewhat bulky but dexterity is regained by using a heavier weight (8 
mil) disposable nitrile glove over the Norfoil glove.  These gloves and others are from Fisher Scientific 
and lab safety supply houses. 
 
Definitions for terms used in glove selection charts, the materials of which gloves are  made and those 
used to describe different characteristics of gloves are listed towards the end of this document. 
 
References used in preparation of this document are listed at the end. 
 
If there is a chemical for which you have a question concerning glove selection which is not on the 
following list, please use the Glove Selection Request Form  to be found at the end of this document. 
 

 
 
 
 

Glove Selection for Some Specific Chemicals  
 
Acetic acid (glacial or concentrated solutions): nitrile gloves (incidental contact); neoprene or butyl 
rubber gloves are recommended if contact with acetic acid above 10% is probable for an extended 
period of time. 
 
Acetic anhydride:  double glove with heavier weight (8 mil) nitrile gloves (incidental contact). 
 
Acetic anhydride is very corrosive to human tissues (skin, eyes, and mucous membranes) and a poison 
by inhalation.  For handling larger quantities of pure material only heavier weight (.28-.33 mm) butyl 
rubber or neoprene gloves are recommended. 
 
Acetone:  heavier weight (8 mil) natural rubber (incidental contact);  for extended contact 
with acetone the only  recommended glove type is butyl rubber.   
 
If you are cleaning parts with acetone, or have any other use of acetone where there is more than 
incidental contact, you must use butyl rubber gloves.  Natural rubber gloves have about a 10 minute 
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breakthrough time and are for incidental contact only.  Nitrile gloves have a less than four minute 
breakthrough time and are not recommended  for any use of acetone. 
 
Acetonitrile:  nitrile gloves or double glove with nitrile gloves (incidental contact). 
 
For transfer of acetonitrile or for large scale use, only heavier weight butyl rubber or polyvinyl acetate 
gloves are recommended.  Acetonitrile permeates though disposable latex exam gloves in a matter of 
seconds and latex gloves should never  be used to handle this material. 
 
Acrylamide: nitrile gloves or double glove with nitrile gloves (incidental contact); butyl rubber gloves 
are recommended for extended contact (such as repackaging pure acrylamide into smaller containers). 
 
Acrylamide is readily absorbed through unbroken skin.  Acrylamide is a carcinogen, mutagen, 
teratogen and a potent neurotoxin with no known antidote, so adequate hand protection is essential when 
using this chemical.  
 
bis- Acrylamide:  nitrile gloves. 
 
bis- Acrylamide (N,N’-dihydroxy-ethylene-bis- acrylamide) does not share the more extreme toxic 
characteristics of acrylamide.  However, its toxicological properties have not been fully investigated and 

it  
should be treated as a hazardous material. 
 
Ammonium hydroxide:  nitrile gloves; for extended contact heavier weight neoprene or 
butyl rubber gloves are superior to nitrile gloves. 
 
Benzotriazole, 1,2,3-:  nitrile gloves. 
 
n-Butyl chloride: : double glove with heavier weight (8 mil) nitrile gloves (incidental contact); remove 
outer glove at once if exposed to butyl chloride. 
 
Nitrile gloves are not servicable for extended contact as even heavy weight nitrile gloves (41 mil) have a 
breakthrough time of only 9 minutes and thus offer little protection when exposed to butyl chloride. For 
operations involving the use of larger amounts of butyl chloride, when transferring butyl chloride from 
one container to another or for other potentially extended contact, the only gloves recommended are 
viton and polyvinyl acetate (PVA). 
 
Carbenicillin:  nitrile gloves 
 
Carbon disulfide:  double glove with heavier weight (8 mil) nitrile gloves (incidental contact) or use 15 
mil or heavier nitrile gloves; remove outer glove at once if exposed to carbon disulfide. 
 
Most nitrile gloves have a breakthrough time of only 8 to 20 minutes and thus offer little protection 
when exposed to carbon disulfide.   For operations involving the use of larger amounts of carbon 
disulfide, when transferring carbon disulfide from one container to another or for other potentially 
extended contact, the only  gloves recommended are viton and polyvinyl acetate (PVA). 
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Carbon tetrachloride:  double glove with heavier weight (8 mil) nitrile gloves (incidental contact) or 
use 15 mil or heavier nitrile gloves; remove outer glove at once if exposed to carbon tetrachlorid. 
 
Most nitrile gloves have a breakthrough time of only a few minutes and thus offer little protection when 
exposed to carbon tetrachloride.  For operations involving the use of larger amounts of carbon 
tetrachloride, when transferring carbon tetrachloride from one container to another or for other 
potentially extended contact, the only gloves recommended are viton.  Viton gloves are expensive, but 
they are the standard glove to use with carbon tetrachloride. 
 
Carbon tetrachloride is a poison, carcinogen, mutagen and a teratogen.  It is readily absorbed 
through unbroken skin.  Alcohol and acetone are known to enhance the toxicity of carbon tetrachloride.  
The dose required to cause poisoning in humans varies significantly with the ingestion of as little as 2 
ml. having caused death. Carbon tetrachloride is also a substantial ozone depleting chemical and its use 
has been banned commercially.  If you can find a substitute for carbon tetrachloride it is strongly 
recommended that you use an alternative material. 
 
Catechol:  nitrile gloves. 
 
Chloroform:  double glove with heavier weight (8 mil) nitrile gloves (incidental contact) or use 15 mil 
or heavier nitrile gloves; remove outer glove at once if exposed to chloroform. 
 
Nitrile gloves have a 4 minute breakthrough time and thus offer little protection when exposed to 
chloroform.   For operations involving the use of larger amounts of chloroform, such as transferring 
chloroform from one container to another or for large-scale extractions, etc., the only gloves 
recommended are viton or polyvinyl acetate (PVA).  Viton gloves are expensive, but they are the 
standard glove to use with chloroform. 
 
Chlorosulfuron:  nitrile gloves. 
 
Cobalt chloride:  See Heavy Metal Salts. 
 
Copper (Cupric) Sulfate:  nitrile gloves. 
 
Cyclohexane: nitrile gloves (incidental contact); or double glove with heavier weight (8 mil) nitrile 
gloves (extended contact). 
 
3,3'-Diaminobenzidine (DAB):  nitrile gloves (incidental contact); double glove with nitrile gloves 
when handling the pure material or concentrated stock solutions.   
 
Diazomethane in ether (a derivatizing reagent): double glove with heavier weight (8 mil) nitrile gloves 
(incidental contact) or use 15 mil or heavier nitrile gloves; remove outer glove at once if exposed to 
diazomethane in ether. 
 
For possible extended contact, such as when transferring diazomethane in ether or when making 
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reagent solutions containing this material the only  recommended glove would be a Norfoil glove due to 
the extreme hazards associated with this material.  Diazomethane is an extreme poison, a cancer suspect 
agent, extremely flammable, easily detonated and has an auto ignition temperature of 100° C. (an 
ordinary light bulb would cause a sufficient quantity of the vapor in air to auto detonate).  This is a very 
dangerous material.  If there is any way you can substitute another material for diazomethane in ether it 
is strongly recommended that you do so. 
 
Dichloromethane:  See Methylene Chloride. 
 
2,4-Dichlorophenoxy acetic acid (2,4-D):  nitrile gloves. 
 
Diethyl pyrocarbonate:  nitrile gloves (incidental contact); double glove with nitrile gloves when 
handling the pure material or concentrated stock solutions.   
 
Dimethyl sulfoxide (DMSO): heavier weight natural rubber gloves (15-18 mil; not 4 mil latex 
exam gloves) (incidental contact);  butyl rubber gloves are recommended for extended contact; if 
you are allergic to natural latex products you may double glove with heavier weight (8 mil) 
disposable nitrile gloves (incidental contact) or use 15 mil or heavier nitrile gloves; remove outer 
glove at once if exposed to DMSO. 
 
Nitrile gloves are not recommended for use with DMSO if extended contact with the hands is expected.  
Some brands of nitrile gloves have degradation times of five minutes when used with DMSO.  DMSO 
freely penetrates the skin and may carry dissolved chemicals with it into the body, so hand protection is 
especially important if you are working with any hazardous materials dissolved in DMSO. 
 
1,4-Dioxane (dioxane): double glove with heavier weight (8 mil) nitrile gloves (incidental contact) or 
use 15 mil or heavier nitrile gloves; remove outer glove at once if exposed to dioxane. 
 
Most nitrile gloves have a breakthrough time of only a few minutes and thus offer little protection when 
exposed to dioxane.   For operations involving the use of larger amounts of dioxane, when transferring 
dioxane from one container to another or for other potentially extended contact, the only gloves 
recommended are butyl rubber gloves.  Dioxane is one of the few commonly used lab chemicals that 
readily degrade viton gloves. 
 
Dioxane is only moderately toxic, but it is a listed carcinogen, mutagen and a teratogen.  It is readily 
absorbed through unbroken skin so hand protection is especially important when working with this 
material. 
 
Dithiothreitol (Cleland's Reagent): nitrile gloves.  
 
Ethanol:  nitrile gloves. 
 
Ethidium bromide (EtBr): nitrile gloves (incidental contact); double glove with nitrile gloves when 
handling the pure material or concentrated stock solutions.   
 
Ethyl acetate: double glove with heavier weight (8 mil) nitrile gloves (incidental contact). 
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Nitrile gloves are not servicable for extended contact as even heavy weight nitrile gloves (36 mil) have a 
breakthrough time of only 8 minutes and thus offer little protection when exposed to ethyl acetate. For 
operations involving the use of larger amounts of ethyl acetate, when transferring ethyl acetate from one 
container to another or for other potentially extended contact, the only gloves recommended are butyl 
rubber and polyvinyl acetate (PVA). 
 
Ethyl ether (diethyl ether, ether): double glove with heavier weight (8 mil) nitrile gloves (incidental 
contact) or use 15 mil or heavier nitrile gloves; remove outer glove at once if exposed to ether. 
 
Ether is one of those chemicals that attacks almost all known commonly used glove materials. 
It permeates through viton, butyl rubber, neoprene, nitrile and natural rubber in a matter of minutes.  The 
only recommended glove material for extended contact is polyvinyl acetate (PVA), such as the PVA™ 
brand made by Ansell Edmont. 
 
Formaldehyde:  nitrile gloves. 
 
Formamide:  nitrile gloves (incidental contact);  butyl rubber gloves are the only  glove recommended 
for direct contact with the pure material. 
 
Formamide is often used in the pure form.  If you use pure formamide in a procedure where there is 
probable contact with the skin, it is strongly recommended that you wear butyl rubber gloves. 
 
Formic acid: double glove with heavier weight (8 mil) nitrile gloves (incidental contact). 
 
Formic acid is very corrosive to human tissues (skin, eyes, and mucous membranes.  For handling larger 
quantities of pure material only heavier weight (.28-.33 mm) butyl rubber or neoprene gloves are 
recommended. 
 
Gallic acid:  nitrile gloves. 
 
Geneticin:  nitrile gloves. 
 
Heavy metal salts (especially those that are easily soluble in water):  nitrile gloves or 
double glove in some cases*. 
 
For most inorganic  (ionic) salts of heavy metals the human skin is usually an effective barrier against 
absorption of the heavy metal ions.  If there are cracks in the skin, areas of inflammation, insect bites, 
cuts or other breaches of the integrity of the skin, heavy metal ions may be passed directly through the 
skin.   The salts of many heavy metals are toxic or highly toxic and rated as poisons:  arsenic, bismuth, 
cadmium, chromium, cobalt, lead, mercury, nickel, osmium, silver and uranium.  Some of these 
materials are also listed as corrosive (chromium trioxide), inhalation hazard (osmium tetroxide), known 
or suspect carcinogens and mutagens (lead and lead salts, mercury and its salts, etc.) or radioactive 
(uranium). Disposable nitrile gloves are generally acceptable for the use of the pure salts and stock 
(concentrated) or dilute solutions for the common salts of the above metals (acetates, chlorides, sulfates, 
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nitrates, anhydrides, oxides, hydroxides, etc.) where only incidental contact will be made with these 
materials or their solutions. 
 
Several heavy metal salts are more easily absorbed by the skin than others.  Osmium tetroxide is 
readily absorbed by the skin and is very toxic.  Lead acetate is absorbed 1-1/2 times more easily than 
other lead salts.  Mercuric chloride can be absorbed fairly easily, especially if there are cracks, cuts or 
other breaks in the skin.  It is also very toxic.  It is recommended to *double glove* with nitrile gloves 
when using these materials, especially when handing the pure compounds or their strong solutions. 
 
Heptane:  double glove with heavier weight (8 mil) nitrile gloves (incidental contact) or use 15 mil or 
heavier nitrile gloves. 
 
For extended contact, such when using heptane for large-scale extractions, refilling secondary 
containers or as a cleaning fluid, a heavier weight nitrile (35 mils or thicker), viton or PVA gloves are 
recommended. Note that the permeation time for hexane through 4 mil nitrile gloves is about 8 minutes 
and through latex exam gloves is even less time; subsequently, these gloves are not recommended for 
use with heptane. 
 
Hexamethylenediamine (1,6-diaminohexane): heavier weight (8 mil) nitrile gloves (incidental contact); 
use a heavier weight neoprene glove when handling the pure material or concentrated stock solutions 
(extended contact). 
 
Hexane:  double glove with heavier weight (8 mil) nitrile gloves (incidental contact) or use 15 mil or 
heavier nitrile gloves. 
 
For extended contact, such when using hexane for large scale extractions, refilling secondary containers 
or as a cleaning fluid, a heavier weight nitrile (35 mils or thicker), viton or PVA gloves are 
recommended. Note that the permeation time for hexane through 4 mil nitrile gloves is about 12 minutes 
and through latex exam gloves is only about 5-6 minutes; subsequently, these gloves are not 
recommended for use with hexane. 
 
Hydrochloric acid (concentrated and strong solutions):  nitrile gloves (incidental contact). 
 
A heavier weight neoprene or butyl rubber glove would be superior for long-term use with more 
concentrated solutions, such as cleaning glassware that has been soaking in an HCl bath or other larger-
scale use of HCl. 
 
Hydrofluoric acid (HF): double glove with heavier weight (8 mil) nitrile gloves (incidental contact) or 
use 15 mil or heavier nitrile gloves. 
 
Note that additional protective equipment must always be worn when using larger quantities of HF.  
Nitrile or rubber sleeves, rubber aprons, face shields and splash goggles (not safety glasses) should also 
be worn.  All users of HF should maintain an HF first aid kit in their lab. 
HF users are advised to contact EH&S for more information on the safe handling of HF. 
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Hypophosphorous acid: double glove with nitrile gloves (4 mil) (incidental contact) or use 8 mil or 
heavier nitrile gloves. 
 
Isopropanol:  nitrile gloves. 
 
Kananmycin:  nitrile gloves. 
 
Lead acetate: See Heavy Metal Salts. 
 
Laser dyes: nitrile gloves. 
 
Mercuric chloride: See Heavy Metal Salts. 
 
Mercury:  nitrile gloves. 
 
Methanol (methyl alcohol): nitrile gloves. 
 
Methanol should never be allowed to make contact with the skin as it is fairly easily absorbed by the 
skin.  Methanol is a poison. 
 
Methylene chloride: double glove with heavier weight (8 mil) nitrile gloves (incidental contact). 
 
Methylene chloride will permeate through nitrile gloves in four minutes or less.  If you are double 
gloved, as recommended, and you splash or spill methylene chloride on your gloves, stop what you are 
doing and change the outer glove immediately.   If you allow methylene chloride to remain on the outer 
nitrile glove for more than two to four minutes you must discard both sets of gloves and re-double glove.  
Methylene chloride permeates though disposable latex exam gloves in a matter of seconds and latex 
gloves should never be used to handle this material. 
 
For use of methylene chloride where contact with the glove is anticipated, such as stripping paint or 
gluing plastics, only polyvinyl acetate (PVA) or viton gloves are recommended.  These gloves come in 
.28-.33 mm thicknesses.  PVA offers the best protection. 
 
Methyl sulfonic acid, ethyl ester (EMS) (ethyl methanesulfonate):  nitrile gloves (incidental contact); 
double glove with nitrile gloves when handling the pure material or concentrated stock solutions   
 
Monoethanolamine:  nitrile gloves. 
 
Nickel chloride:   
 See Heavy Metal Salts. 
 
N-Methylethanolamine: :  double glove with heavier weight (8 mil) nitrile gloves (incidental contact); 
remove outer glove at once if exposed to N-methylethanolamine. 
 
Viton, neoprene or butyl rubber gloves are recommended for extensive use of N-methyl-ethanolamine 
such as working with the pure material or when making solutions. 
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Organophosphorous compounds: double glove with heavier weight (8 mil) nitrile gloves (incidental 
contact) or use 15 mil or heavier nitrile gloves (extended contact). 
 
Osmium tetroxide: See Heavy Metal Salts. 
 
Paraformaldehyde:  nitrile gloves.  
 
Pesticides:  heavier weight unlined nitrile gloves (8-20 mils) or a glove specified by the pesticide label  
A wide variety of pesticides are in use at Clemson University. Each EPA registered pesticide is provided 
with a label. All PPE listed on a pesticide label must be used when handling/applying that product.  

  
Petroleum ether:  nitrile gloves (incidental contact); or heavy weight nitrile or viton for 
extended contact. 
 
Phenol:  double glove with heavier weight (8 mil) nitrile gloves (incidental contact); neoprene or butyl 
rubber gloves are recommended for extensive use of phenol such as working with the pure material or 
making solutions. 
 
Nitrile gloves have a 30 minute breakthough time with phenol.  If working with double gloved 
nitrile gloves, change the outer glove frequently if exposed to this material. 
 
Phenol-chloroform mixtures: double glove with heavier weight (8 mil) nitrile gloves (incidental 
contact) or use 15 mil or heavier nitrile gloves; remove outer glove at once if exposed to mixture 
Viton gloves are recommended for work with phenol-chloroform mixtures when probable exposure to 
the mixtures exists, such as when making up the mixtures.  See the entries for phenol and chloroform. 
 
Phenylmethylsulfonyl fluoride (PMSF): nitrile gloves (incidental contact); double glove with nitrile 
gloves when handling the pure material or concentrated stock solutions.  
 
Phenylmethylsulfonyl fluoride is corrosive (causes burns) on contact with the skin, eyes and mucus 
membranes.  It is also a highly toxic cholinesterase inhibitor and central nervous system poison.  Avoid 
all contact. 
 
Phosphonic acid: double glove with nitrile gloves (4 mil) (incidental contact) or use 8 mil or heavier 
nitrile gloves. 
 
Phosphoric acid: double glove with nitrile gloves (4 mil) (incidental contact) or use 8 mil or heavier 
nitrile gloves. 
 
Phosphorous acid: double glove with nitrile gloves (4 mil) (incidental contact) or use 8 mil or heavier 
nitrile gloves. 
 
Picloram (4-amino-3,5,6-trichloropicolinic acid):  nitrile gloves. 
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Polychlorinated biphenyls (PCBs): For weighing out of pure or concentrated materials, wear an 8 mil 
or heavier nitrile glove over a neoprene glove.  For dilute solutions in corn oil (1 ppm or less) neoprene 
gloves (20 mil) are recommended. 
 
Polyoxyethylenesorbitan monolaurate (Tween 20): nitrile gloves. 
 
Potassium ferricyanide: nitrile gloves. 
 
Potassium ferrocyanide: nitrile gloves. 
 
Propionic acid: nitrile gloves (incidental contact); neoprene or butyl rubber gloves are recommended if 
contact with propionic acid is probable for an extended period of time. 
 
Propylene oxide: heavier weight (17 mil or greater) butyl rubber or neoprene gloves (incidental 
contact); norfoil gloves are the only  glove recommended for extended contact. 
 
Propylene oxide attacks most common glove materials. It passes directly through latex 
gloves and the breakthrough time for nitrile gloves ranges from seconds to a few minutes.  
Ordinary 4 mil latex and nitrile lab gloves should never be used with this material.  Propylene oxide has 
a breakthrough time of only 10 minutes with viton gloves that are completely resistant to most common 
lab chemicals.  The breakthrough time for neoprene and butyl rubber gloves is on the order of 45-50 
minutes.  Use heavier weight gloves (17 mil or greater), check the gloves often and discard after 40 
minutes or so or of continuous use when there is contact of propylene oxide with the glove.  When 
possible, use a norfoil glove with a heavier weight (8 mil) nitrile overglove to provide dexterity.  
 
Psoralen:  nitrile gloves (incidental contact); double glove with nitrile gloves when handling the pure 
material or concentrated stock solutions.   
 
Psoralen is corrosive (causes burns) on contact with the skin, eyes and mucus membranes.  It is 
anticipated to be carcinogen, it is a mutagen and a strong photosensitizer.  Avoid all contact. 
 
Pump oil:  butyl rubber gloves. 
If you are changing pump oil or servicing pumps where contact with the oil may occur, the only  
recommended glove type is butyl rubber. 
Silane based silanization or drivatization compounds: double glove with heavier weight (8 mil) 
nitrile gloves (incidental contact) or use 15 mil or heavier nitrile gloves; remove outer glove at once if 
signs of degradation occur. 
 
Silver nitrate: See Heavy Metal Salts. 
 
Sodium dodecyl sulfate (SDS): nitrile gloves. 
 
Sodium azide:  nitrile gloves or double glove with nitrile gloves (incidental contact). 
 
Spermidine: nitrile gloves. 
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Sulfuric acid: heavier weight (8 mil) nitrile gloves (incidental contact); heavier weight (20 mil or 
greater) neoprene or butyl rubber gloves (extended contact). 
 
Tetrahydrofuran (THF): double glove with heavier weight (8 mil) nitrile gloves (incidental contact) or 
use 15 mil or heavier nitrile gloves; remove outer glove at once if THF contacts glove. 
 
For extended contact, such when using THF for larger scale reactions, refilling secondary containers or 
as a cleaning fluid, only  Norfoil gloves are recommended.  Polyvinyl acetate (PVA) gives some limited 
protection (up to 1-1/2 hours for some gloves) but are inferior to the Norfoil gloves.  Note that the 
permeation time for THF through 4 mil nitrile gloves and latex exam gloves is almost instantaneous; 
subsequently, these gloves are not recommended  for use with THF. 
 
3,3',5,5'-Tetramethylbenzidine (TMB):  nitrile gloves (incidental contact); double glove with nitrile 
gloves when handling the pure material or concentrated stock solutions.   
 
Note:  See Heavy Metal Salts for proper disposal of gloves and other dry waste contaminated with TMB. 
 
N, N, N’, N’-Tetramethylethylenediamine (TEMED):  nitrile gloves (incidental contact); double 
glove with nitrile gloves when handling the pure material or concentrated stock solutions. 
 
TEMED is corrosive (causes burns) on contact with the skin, eyes and mucus membranes.   
 
Timetin:  nitrile gloves. 
 
Toluene:  double glove with heavier weight (8 mil) nitrile gloves (incidental contact) or use 15 mil or 
heavier nitrile gloves; remove outer glove at once if exposed to toluene. For extended contact, such when 
using toluene for larger scale reactions, refilling secondary containers or as a cleaning fluid, only  viton 
or polyvinyl acetate (PVA) gloves are recommended. Note that the permeation time for toluene through 
4 mil nitrile gloves is less than 4 minutes and through latex exam gloves is less than that; subsequently, 
these gloves are not recommended  for use with toluene. 
 
Trichloromethyl chloroformate (diphosgene): This chemical, usually supplied in sealed glass 
ampules, is very air/moisture reactive,  a corrosive and is it considered to be highly toxic by all 
routes of exposure.   It must be used in a vented glove box or environmental chamber under dry 
nitrogen or argon.  Glove boxes are usually fitted with substantial butyl rubber gloves, however, 
one manufacturer recommends that “heavy” gloves be worn over the glove box gloves.  I would 
recommend using 8 mil or heavier nitrile gloves over the butyl rubber glove box gloves.   
 
Triton-X100:  nitrile gloves. 
 
Xylene:  nitrile gloves (incidental contact). 
 
For use of xylene where contact with the glove is anticipated, such as pouring of new or used xylene into 
containers or other operations, polyvinyl acetate (PVA) or viton gloves are recommended. 
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Definitions 
 
Breakthrough is the time elapsed between the initial contact with a chemical and its detection inside a 
glove.  Breakthrough time is directly proportional to glove material thickness for most materials. 
 
Butyl rubber is a synthetic rubber (butylene and isoprene copolymer) that provides the high permeation 
resistance to gases and water vapor of any protective material used to make gloves.  Butyl rubber is an 
excellent choice for protection against esters and ketones, especially for extended contact with acetone. 
 
Degradation is a change in one or more of the physical properties of a glove due to chemical contact.  
Some of these changes, such as discoloring, swelling, shrinkage or stiffness, may be visually detected 
but others are invisible.  Degradation almost always results in a loss of performance of a glove and is an 
indicator of how long a glove will last.  Degradation is usually detected by a change in weight of a glove 
and degradation ratings are often based on % change in weight over time.   
 
Double gloving (see above) is the use of two layers of gloves to provide improved hand protection when 
using certain hazardous chemicals. This affords a double layer of protection.   If the outer glove starts to 
degrade or tears open the inner glove continues to offer protection until the gloves are removed and 
replaced. 
 
Gauge or thickness of gloves is generally measured in mils.  Higher gauge (thicker) gloves generally 
offer more protection.   Generally speaking, doubling the thickness halves permeation rate. 
 
Finish refers to the surface texture of a glove material.  Most laboratory gloves have a smooth finish.  
Textured surfaces are added to glove materials to provide a better grip on objects being handled. 
 
Flock lining is a natural or synthetic shredded fiber that covers the inside of a glove to provide comfort 
by absorbing perspiration and providing ease in putting on and removing the glove. 
 
Hypalon is a synthetic polymer that offers superior resistance to oxidizing agents and ozone. 
It is frequently used for glove box gloves. 
 
Lower detection limit (LDL) is the minimum level detected with analytical test equipment, measured in 
parts per million (ppm) detected at breakthrough time. 
 
Mil is the standard unit for measuring the gauge or thickness of glove materials.  A mil is one-
thousandth of an inch or 0.001”.  A millimeter is 39.37 mils; a mil is .00254 mm. 
 
Natural rubber (or latex), produced from the sap of certain species of tropical trees, is used to make 
gloves suitable for the handling of biological materials, human blood and other body fluids, electronics 
assembly, food service and other applications where the work needs to be kept clean. Latex gloves are 
generally not suitable for use with most laboratory chemicals (see above).   Latex products are also a 
health concern because of their protein component, to which many people are allergic.  Natural rubber is 
often blended with other polymers to achieve various characteristics with those materials. 
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Neoprene is a synthetic rubber that is especially resistant to oils and petroleum products. It is also good 
for corrosives, alcohols and many solvents.  Neoprene is probably the best substitute material for the 
replacement of latex gloves for janitorial services, shop workers, mechanics and other trades. 
 
Nitrile, also referred to as NBR or acrylonitrile-butadiene, offers superior chemical resistance as well as 
puncture and abrasion resistance.  4 and 8 mil nitrile gloves are most often specified for general lab use 
for handling a wide variety of chemicals. 

 
Norfoil (see above) is a lightweight, flexible laminate of several layers of polymers which offers 
superior resistance to permeation by a wide range of hazardous materials which often quickly degrade 
other glove materials.  They are often used as an underglove with a tighter fitting glove of another 
material as an overglove to restore dexterity.  Brand names of Norfoil gloves are Silver Shield by North 
Hand Protection, 4H by Safety4, and New Barrier™  brand by Ansell Edmont. 
 
Overglove is a glove worn over another glove (underglove) when double gloving to provide multiple 
layers of resistance to hazardous chemicals.  The overglove protects the underglove from chemical 
degradation and permeation.  It is changed out when it begins to be chemically attacked to protect the 
underglove. 
 
Penetration is the nonchemical transport of a chemical through a glove, usually by pinholes or 
microscopic tears or cracks resulting from degradation. 
 
Permeation is the process by which a chemical passes through a glove’s protective film.  Permeation 
occurs at the molecular level and often leaves the appearance of the glove unchanged. 
The rate of permeation  of a chemical through a glove is one of the determining factors in the 
effectiveness of a glove for use with a particular chemical.  Generally speaking, the permeation rate is 
inversely proportional to thickness (gauge), although the length of time of exposure and temperature can 
be important factors for some glove materials.  Permeation is an indicator of how long gloves are safe to 
wear. 
 
Permeation rate at steady state is the maximum rate at which a chemical passes through a glove 
material, usually expressing in milligrams per square meter per second (mg./m.2/sec.). 
 
Permeation breakthrough is the time in minutes it takes for a chemical to permeate through a glove.  
Generally speaking, doubling the thickness of a glove quadruples breakthrough time. 
 
Polyvinyl alcohol, or PVA, gloves give superior service for handling solvents, such as chloroform, that 
attack most other glove materials.   PVA is water soluble and may not be used with any water-based 
materials. 
 
Powdered gloves have an interior coating of cornstarch or other absorbent material.   Powdered gloves 
are usually easier to take on and off and are often more comfortable for the wearer, but the powder may 
contribute to allergic responses in some individuals. 
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Supported means that the polymer of the glove is a coating over a fabric liner.  This two component 
glove style offers more durable hand protection.  Very few gloves for laboratory use are supported.   
 
Underglove is a glove worn under another glove (overglove) when double gloving to provide multiple 
layers of resistance to hazardous chemicals. 
 
Unsupported means that a glove is made only of a pure polymer or mix of polymers.  Unsupported 
gloves tend to offer greater dexterity and tactile sensitivity but less protection from physical damage. 
 
Vinyl or polyvinyl chloride (PVC) gloves are economical substitutes for latex gloves for food service or 
assembly work but they are not resistant to many common laboratory chemicals and are not 
recommended for general laboratory work. 
 
Viton is a very chemically resistant fluoroelastomer synthetic rubber.  It protects against PCBs, benzene, 
aniline and most chlorinated and aromatic solvents.  For some chemicals, such as chloroform, it is the 
only available resistant material commonly available.  Viton gloves are expensive, but they have a very 
long lifespan. 
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References Used 
 
Ansell Edmont, Chemical Resistance Guide,  1990. For gloves made by this firm. 
Best, Guide to Chemical-Resistant Best Gloves,  1997. For gloves made by this firm. 
Cole-Parmer, ‘97-’98 Catalog,  pp.1366-1372.  This is a very generic, but useful,  
 materials compatibility chart. 
Fisher Safety, Sept., 1996, Safety Products Reference Manual,  p. 223, 225 and 227. 
 These charts are specific to gloves sold by Fisher.  There is also a good overview of  
 glove selection on pp. 220-222 of this catalog. 
Fosberb, K. and Mansdorf, S. Z., Quick Selection Guide to Chemical Protective Clothing, 
 3rd Ed., Van Nostrand Reinhold, 1997. 
Lab Safety Supply, Aug., 1997 General Catalog, pp.99.  This chart is specific to gloves 
 sold by Lab Safety Supply. 
Material Safety Data Sheets, from both manufacturers’ and MDL-OHS data base at EH&S. 
Merk Index, 10th Edition, 1983. 
National Toxicology Program (NTP) chemical information sheets (available at EH&S). 
 These information sheets are very well written and give information on specific 
 gloves selected by NTP. 
NIOSH, Registry of Toxic Effects of Chemical Substances,  1981-2. 
Pioneer Industrial Products, Chemical Resistance Guide,  No date.  For gloves made by this firm. 
Safety 4 A/S, 4H Chemical Protection Guide,  Sept. 1995.  A chart for 4H brand gloves. 
VWR Scientific Products, ‘97-’98 Catalog,  p. 788-9.  This chart is applicable only to Best  gloves 
sold by VWR. 
 
 

Electronic Resources 
 
For those of you with Intel-based computers, Best has an electronic version of their glove selection chart 
available on their Web site at:  http://www.bestglove.com 

 
You can download the software and install it on your PC.  It does not have a Mac version. 
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Glove Selection Request Form 

 
Name of chemical(s) _____________________________________________ 
Please give the full name.  Abbreviations may be difficult to find in the literature. 
 
How is this chemical(s) being used?  __________________________________ 
 
How much is being used during a procedure?  ____________________________ 
 
Do you anticipate that the chemical may/will be in contact with the gloves?  _______ 
 
Explain if possible.  ______________________________________________ 
 
Your name  ____________________________________________________ 
 
Building  _________________  Room No.  ___________  Dept.  ____________ 
 
E-mail address  ___________________________  Phone No.  _____________ 
 
 
Copy and paste this form into an e-mail addressed to nkelly@clemson.edu.  Please give your e-mail a 
subject, such as “Glove Selection Request.” 
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APPENDIX I 

LABORATORY INSPECTION CHECKLIST 
 

                                                                                                                          YES    NO   N/A             
Eyewashes/Safety Showers    
Eyewash available with proper signage    
Eyewash meets requirements and located properly    
Eyewash inspected routinely and records kept    
Safety shower available with proper signage    
Safety shower meets requirements and located properly    
Safety shower inspected routinely and records kept    
Employees are instructed in the location and proper used of drench equipment    
Additional notes (safety shower/eyewash equipment): 
 
 
 
 

   

Fume Hoods/Biosafety Cabinets    
No fume hood/BSC certification    
Fume hood certification failure notice posted, but still being used     
Fume hood being used for chemical storage    
Fume hood shut off while chemicals are inside the hood    
Hood being used with sash open    
Baffles obstructed by laboratory apparatus or containers    
Evidence of chemical spills not properly cleaned up    
Materials being used which are inappropriate for hood type    
Additional notes (fume hoods): 
 
 
 
 

   

Lab Equipment and Machinery    
Equipment with associated electrical hazards located away from water source    
Heavy equipment properly supported and secured    
Shut-off switches located within operators safe reach    
Household type refrigerators used to store only non-flammable, non-explosive 
materials 

   

Refrigerators are clearly posted to show hazards associated with materials 
stored in them 

   

Drying ovens used for drying materials which are flammable or toxic are 
designed for that purpose 

   

Laboratory equipment is properly shielded    
Machinery is properly guarded    
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APPENDIX J 
 
 
 

TRAINING AND INFORMATION RESOURCES 
 
 
It is the responsibility of the supervisor to recognize when training is needed for his/her 
employees and to provide and/or arrange for such training. Supervisors are responsible for 
training on hazards specific to their laboratory. This should include training on operation and 
safety precautions for laboratory equipment; special precautions, personal protective equipment, 
handling of spills, first aid, etc., for handling chemicals of high acute and chronic toxicity, 
carcinogens, and reproductive toxins. 
 
All of the federal and state agencies which regulate occupational safety and health (SC and 
Federal OSHA), environmental compliance (Environmental Protection Agency and the 
Department of Health and Environmental Control), and radiation safety (Nuclear Regulatory 
Commission and the State Department of Public Health) require that we train the employees who 
engage in activities covered by their agencies. Training in the following is required by one or 
more of the above listed agencies and will be conducted by the EHS Department (it is, however, 
the responsibility of the PI or supervisor to identify those employees performing activities or 
working in areas where training is necessary and arrange for such training). 
 
Training is required for: 
 
1. Employees who work in laboratories where hazardous chemicals are used. These employees 

are covered under OSHA’s Chemical Hygiene Standard. This training must be provided 
initially upon assignment and whenever it is apparent that training is inadequate. 
Arrangements for this training should be made through Clemson University’s Chemical 
Hygienist at 656-7554 or email NKELLY@clemson.edu. Employees located at off-campus 
sites should contact Jim Clark at 656-5574 or email CLARK3@ces.clemson.edu. 

 
2. Employees who generate hazardous waste. These employees are required to have initial 

training plus yearly refresher training on handling hazardous waste. Arrangements for this 
training should be made through Clemson University’s Environmental Compliance Officer at 
656-1770 or email CPHILIP@clemson.edu. Employees located at off-campus sites should 
contact Jim Clark at 656-5574 or email CLARK3@ces.clemson.edu. 

 
3. Employees who use unfixed human or non-human primate tissues, body fluids, cell cultures 

derived from human or non-human primate cells, work with cultures of pathogens capable of 
infecting humans, or work with animals that can reasonably be expected to carry diseases 
capable of infecting humans. These employees receive training according to the Bloodborne 
Pathogen Standard (BBP). This training is required initially with yearly refresher training. 

Arrangements for this training should be made through Clemson University’s Occupational 
Health Nurse at 656-5529 or email SPEDRIC@clemson.edu. 
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4. Employees working with ionizing radiation (radioactive sources, radio-labeled chemicals,  
x-ray equipment, etc.) must be trained in the biological effects of radiation, shielding, 

decontamination, and other basic health physics issues. Arrangements for training for these 
employees should be made through Clemson University’s Radiation Safety Officer at 656-
7165 or email AJESS@clemson.edu.  

 
5. Employees who wear or need to wear respirators. Respirators include dust masks, self-

contained breathing apparatus, or any other device designed to conform to the face and 
protect the lungs and breathing passages. Training includes proper selection, use, cleaning, 
storage, and ensuring proper fit. Training is required upon initial issue of a respirator, and 
annually thereafter. Contact Clemson University’s Industrial Hygienist at 656-7557 or email 
WORTHY@clemson.edu. 

 
The following form should be filled out by the supervisor with the employee/student for 
existing employees/students and within the first 10 days of employment for new 
employees/students. A copy should be retained by the supervisor and a copy should also be 
retained in the departmental administrative office where it is easily accessible, if requested.  
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                        Employee/Student Safety Checklist  
 
                                                                                                        Supervisor        Employee 
                                                                                                        Initials               Initials 
 
1. Individual employee’s responsibilities                                       _____                _____ 
 
2. Location of Chemical Hygiene Plan                _____             _____                                           
 
3. Location of Chemical Inventory and Material Safety  
      Data Sheets and other information available relating  
      to hazardous chemicals found in the work area                         _____             _____ 
 
4. Minimum personal protective equipment requirements            _____             _____ 
      
5. Specific personal protective equipment requirements              _____             _____ 
 
6. Injury and Illness reporting                           _____             _____ 
 
7. Non-injury incident reporting            _____             _____  
 
8. Location and use of fire extinguishers            _____  _____ 
   
9. Location and use of eyewash and safety shower equipment    _____  _____ 
 
10. Location of first aid kits                           _____   _____ 
 
11. Housekeeping                          _____   _____ 
  
12. Rules on food/beverage consumption in laboratories         _____   _____ 
 
13. Respirator use                         _____    _____ 
 
14. Hazards of the job (i.e., chemical, biological, radioactive     

materials, mechanical, electrical, etc.)      _____   _____  
 
15. Spill control, clean-up procedures, etc.       _____   _____ 
 
16. Fire and Disaster Evacuation Procedures                _____               _____ 
        
17. Training Requirements      _____                     _____ 
 
The items above have been explained to me by my supervisor. I understand the information 
provided and I will follow the policies and procedures as required. 
 
______________________________________             _________________________ 
Employee Signature                      Date 
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Useful Texts for Additional Information (available for review at the EHS Office) 
 
1. Air Monitoring for Toxic Exposures. 1991. Van Nostrond Reinhold. 
 
2. Biosafety in Microbiological and Biomedical Laboratories. 1992. U.S. Government Printing 

Office. 
 
3. CRC Handbook of Laboratory Safety. 1995. CRC Press. 
 
4. Code of Federal Regulations, 29 Parts 1900 to 1910. 
 
5. Code of Federal Regulations, 29 (Parts 1910.1000 to END). 
 
6. Fundamentals of Industrial Hygiene. 1988. National Safety Council. 
 
7. Guidelines for Laboratory Design. 1993. John Wiley & Sons, Inc.  
 
8. Handbook of Compressed Gases. 1990. Compressed Gas Association. New York: Van 

Nostrand Reinhold. 
 
9. Improving Safety in the Chemical Laboratory: A Practical Guide. 2nd Edition. John Wiley 

and Sons, Inc. 
 
10. Laboratory Health and Safety Handbook. 1990. John Wiley & Sons, Inc.  
 
11. Managing Safety in the Chemical Laboratory. 1988. Van Nostrond Reinhold. 
 
12. Manual for Measuring Occupational Electric and Magnetic Field Exposure. 1998. U.S. Dept. 

of Health and Human Services 
 
13. Merck Index: An Encyclopedia of Chemicals and Drugs. 1989. M. Windhoiz, ed. Rahway, 

NJ: Merck & Co., Inc. 
 
14. NFPA 45 Fire Protection for Laboratories Using Chemicals. 1991. National Fire Protection 

Association. 
 
15. Pocket Guide to Chemical Hazards. 1997. U.S. Government Printing Office. 
 
16. Prudent Practices for Disposal of Chemicals from Laboratories. 1983. National Academy of 

Sciences. 
 
17. Prudent Practices for Handling Hazardous Chemicals in Laboratories. 1995. National 

Academy Press. 
 
18. Radiation Protection. 1990. Harvard University Press.  
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19. Recognition and Management of Pesticide Poisonings. 1999. U.S. Environmental Protection 
Agency. 

 
20. Safe Storage of Laboratory Chemicals. 1991. John Wiley & Sons, Inc. 
 
21. Safety in Academic Chemistry Laboratories. 1995. American Chemical Society. 
 
22. The Occupational Environment – It’s Evaluation and Control. 1997. AIHA Press. 
 
 
 
 
 



 
 

171 
 

 
 
 
  
 
 

APPENDIX K 
 
 

CREATING STANDARD OPERATING 
PROCEDURES 

 
 
 PURPOSE 
 
 These guidelines are intended to standardize Standard Operating Procedure (SOP)  
 development.  
 
 APPLICATION 
 
 In order to ensure that SOPs accurately reflect application to specific projects, the  
 following disclaimer must be written into the SOP: 
 
  DISCLAIMER: This SOP has been prepared for the sole use of (name of  
  laboratory or Department) and may not be specifically applicable to the  
  activities of other labs, departments, etc. 
 
 Good laboratory safety and health practices require that all routine activities, not  
 covered in the University Chemical Hygiene Plan, which involve handling of  

highly toxic, carcinogenic, or explosive chemicals or working with equipment  
which poses a safety or health hazard must have a written SOP to include at a  
minimum the following information: 

 
1. Title page 

 
 The first page of each SOP must have a title with the following information: 
 

• SOP Number 
• Revision Number 
• Date of Issue 
• Page:___of___ 
• SOP Title (list specific laboratory equipment, chemical, etc.) 
• Name of Author(s)  
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• Approval Signature(s) 
• Disclaimer 

 
2. Text 

 
 The text shall be complete, factual, concise, and readily understandable to all  
 personnel not familiar with the technique or procedure. Definitions must be  
 provided as necessary. 
 
  
 
The following information must be included at a minimum: 
 

• Identification of Hazard(s) 
 

Equipment - List hazards associated with the equipment (e.g., electrical, 
hand/finger hazard, eye hazard, heat, etc.). 
 
Chemical - List hazards associated with the chemical (e.g., Highly toxic, 
Carcinogenic, Explosive Flammable, Corrosive, etc.). 

 
• Hazard Warnings 
 

Warnings are used to indicate an operation or procedure that, if not strictly 
followed could result in personal injury or loss of life. Warnings must  
always precede associated text. 
 

• Cautions 
 

Cautions are used to indicate an operation or procedure that, if not strictly 
followed, could result in damage to equipment or create an additional hazardous 
situation. Cautions must always precede associated text. 
 

• Personal Protective Equipment 
 

List the specific personal protective equipment required for the procedure. If non-
standard equipment is necessary, list the specific equipment by name, 
manufacturer, and model. 
 

• Engineering Controls 
 

List the specific engineering controls (hoods, ventilation, etc.) required for the 
procedure. If non-standard equipment is necessary, list the specific equipment by 
name, manufacturer, and model. 
 

• Emergency Equipment and Procedures  
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List the specific equipment necessary (e.g., spill control and cleanup materials and 
equipment, safety showers and eyewash stations, fire extinguishers, etc.). Specific 
information should be given on how to respond to a spill for the specific chemical 
addressed in the SOP. If the employee is expected to use a fire extinguisher, 
training must be provided for the employee on the proper use and selection of fire 
extinguishers and information given on when to respond to a fire and when to 
evacuate. 
 

 
• Signs and Symptoms of Exposure 
 
Signs and symptoms which might occur if an employee is overexposed to the chemical 

identified in the SOP. 
 
• First Aid Measures 

 
First aid measures should be given for all possible routes of chemical exposure for 
the chemical (e.g., If inhaled, remove to fresh air; if ingested, do not induce 
vomiting; in case of contact with skin or eyes, flush with copious amounts of 
water for at least 15 minutes while removing contaminated shoes and clothing).  
 
Outline first aid measures to be taken in case of injury caused by equipment or 
associated glassware. 
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APPENDIX L 

 
PERCHLORIC ACID 

 
Use of Perchloric Acid 

 
Perchloric acid (HCl04) is a colorless, odorless, fuming liquid that is miscible with water and 
extremely corrosive. Perchloric acid is noncombustible, however the anhydrous acid and certain 
perchlorate salts of organic, organometallic, and inorganic cations present a serious explosion 
hazard and have been set off by either heat or shock. Because of perchloric acid’s extremely 
corrosive physical properties and it tendency to react violently with many oxidizible substances, 
it is among the most hazardous substances found in the laboratory and should be used and stored 
with extreme care.  
 
Perchloric acid is very corrosive to all living tissue. It can cause severe burns on contact with 
eyes, skin, and mucous membranes and is a severe irritant. Its acute toxicity is moderate. 
Perchloric acid has not been shown to be carcinogenic nor or reproductive or developmental 
toxin in humans.  
 
Although perchloric acid is not combustible, the anhydrous form is a serious explosion hazard 
due to its unstable nature and ability to react violently with many organic materials (e.g. wood, 
paper, cotton, etc.). Perchloric acid can cause violent explosions if it is misused, or if it is in 
concentrations greater than normal commercial grade strength (72%). At concentrations less than 
72%, aqueous perchloric acid will not decompose spontaneously nor explode on standing. Many 
heavy metal perchlorates and organic perchlorate salts are very sensitive explosives. Mixtures of 
perchlorates with many oxidizable are explosive. When used cold, 70% perchloric acid acts as a 
strong acid, but is not considered to be a strong oxidizing agent; however, when heated it acts as 
a strong oxidizing agent. More concentrated solutions are strong oxidizers and increases in 
temperature increase the oxidizing power of perchloric acid. Hot concentrated solutions are very, 
very dangerous and should not be taken lightly.  
Perchloric acid is a strong inorganic acid used for complete digestions of organic material. It is 
normally supplied in bottles of up to one gallon capacity at 70-72% strength. In many respects, 
its hazards are similar to those of nitric acid, as both are strong oxidizers. Perchloric acid 
presents an additional hazard in that perchloric acid mist and fumes can condense in ventilation 
systems to form metallic perchlorates which can  be explosive.  
All perchlorates are potentially hazardous when in contact with reducing agents. Oxidizable 
organic compounds including alcohols, ketones, aldehydes, ethers, and dialkyl sulfoxides can 
react violently with concentrated perchloric acid.  
 
Perchloric Acid Hood: 
 
Perchloric acid should be used only in hood designed/designated for perchloric acid use. 
Perchloric hoods should be constructed with an integral liner of a single piece of 316 stainless 
with welded seams (and as few seams as possible). The liner should have coved corners. 
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Ductwork should also be stainless steel or PVC (must be properly fire-rated). At a minimum, the 
blades and any other portion of the exhaust fan coming into contact with the perchloric fumes 
should be coated with PVC, Teflon, or another approved material that will resist the effects of 
the perchloric acid. In order to avoid buildup of perchloric percipitates in the hood and the duct 
system, the hood  must be equipped with a washdown system that will rinse the system 
thoroughly at the end of each work session  involving the use of perchloric acid. The washdown 
mechanism should be capable of cleaning the entire duct from the point of exhaust all the way 
back to the hood. Washdown procedure for this hood is attached.  
 
Personal Protective Equipment: The following PPE should be worn when handling perchloric 
acid.  
 
Splash/Impact Goggles 
Face shield 
Nitrile, PVC, or neoprene gloves 
Lab coat 
Chemically-resistant apron 
 
Researchers using or anticipating using perchloric acid in their experiments should keep the 
following in mind:  
 
All use of perchloric acid must be approved by the Institutional Biosafety Committee 
(IBC). Contact Research Compliance (656-6460) to obtain protocol submittal forms.  
 
1. Perchloric acid digestions of any size must be performed only in a perchloric hood.    
      No open bench top digestions should be performed. All perchloric acid digestions  
      performed above ambient temperature require a special perchloric acid hood with a  
      washdown system. These hoods used for hot digestion should be posted with a label  
      stating "Perchloric Acid Hood Only-- Organic Chemicals Prohibited.” 
 
2. Regardless of the size of the digestion, no organic solvents should be in the hood  
      during the digestion. Solvents must never be stored or used in a designated perchloric  
      acid hood at any time.  
 
3. Keep concise records of who uses the hood, with what agents and amounts, as well as    
      the washdown frequency.  
  
4. Perchloric acid will attack human tissues as easily as it will attack samples of organic  
      material. To prevent injury, goggles or face shield, gloves, and apron should be worn  
      when handling perchloric acid. 
 
5. Because of the potential for explosion, no repair or maintenance should be done on a  
      hood used for perchloric acid digestions until it has been thoroughly washed.  
 
6. Perchloric acid waste must not be mixed with any other waste. It should be put into  
      acid-resistant bottles (preferably the original acid container), clearly labeled, and  
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      treated as hazardous chemical waste. You can submit your waste pick up request on 
      line from the EH&S web site hazardous waste page. 
 
7. Perchloric acid should be stored segregated from all other chemicals. If this is not  
       possible, it may be stored in the same cabinet with other inorganic acids such as  
      hydrochloric, sulfuric or nitric acid, provided that secondary containment (such as a  
      Pyrex baking dish or plastic dish pan large enough to capture the contents of the  
      container(s)) is provided). Secondary containment should also be provided for sulfuric  
      and nitric acid.  Perchloric acid must not be stored near organic acids such as acetic  
      acid, near bases, or near any other organic or flammable material. Perchloric must not  
      be stored on wood shelves unless secondary containment is provided.  
 
8. In the event of a spill contact the University Fire Department at 911.  
 
9. Any use of perchloric acid must be approved by EHS. An IBC protocol must be  
      submitted and approved prior to use of perchloric.  
 
10. Do not store or use organic materials in a perchloric acid hood.  
 
11.  If a vacuum is needed for perchloric acid work, use a water aspirator rather than a  
       mechanical pump. Perchloric acid contact with hydrocarbon based oils or greases in a  
       conventional mechanical pump may result in an explosion. 
 
12. Purchase the smallest quantity of perchloric acid possible. When possible, use  
       alternative chemicals/techniques.  
 
13. Only experienced research workers should handle anhydrous perchloric acid. These  

Workers must be thoroughly familiar with the literature on the acid.  
 

14. If a laboratory hood or exhaust system was used for perchloric acid heated above ambient 
temperature, you must inform maintenance personnel and EHS personnel before any 
inspection, maintenance, cleaning, or any other work is done on any part of the exhaust 
system or hood interior.  

 
If you have any questions about safe use and handling of perchloric acid, or wish to have a 
chemical hood approved for use with perchloric acid, please call EH&S at 656-2583.  
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Record of Use 
 

Date User Chemicals Used  Washdown 
Completed 
Yes/No 

Comments 
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APPENDIX M 
 

CLEANING OF LABORATORY APPAREL 
 
 

A laundry facility for the cleaning of laboratory coats or other laboratory clothing has been 
established in Room 71 in the basement of the P&AS Building.  Some departments have 
established their own laundry facility. Please check with your departmental office/lab 
manager to find out if you department has such a facility. Departmental facilities must 
follow the same general guidelines as those listed below.  

 
Rules established for this laundry facility are as follows:  
1. You must obtain a key from Janie Boggs in (656-3427) in Rm. 131 of the Poole 

Agricultural Building. The key may be obtained after 8:00am and should be returned 
by 4:15pm.  Calling ahead to ensure that facility is not is use is a good idea.  

2. The door must be locked (please turn off light, also) when finished , and the key must be 
returned promptly to Rm. 131 when your laundry activity is complete.  

3. NO personal clothing may be laundered in this equipment.  
4. When transporting lab coats to this building, ensure that they are contained (heavy-

duty trash bags, etc) in such a way that they do not come in contact with the interior of 
the vehicle in which they are being transported.  

5. Laboratory coats worn in areas where radioactive materials are used must survey 
"clean" before they can be laundered in this equipment. (Questions about this should 
be directed to Larry Addis at 656-7165)  

6. Lab coats that are known to be contaminated (i.e., by a spill) may need to be treated as 
hazardous waste depending on the type of contamination (Direct questions to  

      Phil Carroll at 656-1770).          
7. You must furnish your own detergent, bleach, etc.  
8. You must clean up after yourself; deposit all trash in can provided, etc. 
9. Chemically-resistant gloves and apron should be worn by personnel responsible for 

handling the laundry. 
10. Report any problems (mechanical or otherwise) involving this facility to EHS at 656-

2583.  
 
*Scheduling a pick-up day for laundering and having someone assigned to pick up and 
launder laboratory coats for the department is recommended.  
** If you do not clean your lab coat/ apparel routinely, you increase the risk of personal 
contamination through accumulation.  
 
 



 
 

179 
 

 
 
 
 
 
 
 
 
 

APPENDIX N 
 

EMERGENCY DRENCH EQUIPMENT 
 
 

The Occupational Health and Safety Administration requires that where the eyes and body 
of any employee may be exposed to injurious materials, suitable facilities for quick 
drenching or flushing of the eyes and body be provided within the work area for immediate 
emergency use. A variety of emergency units are available for the purpose of quick drenching of 
the body of a person exposed to injurious materials. These include emergency showers, eye/face 
washes, eyewashes, combination shower and eyewash units, and hand-held drench hoses. Hand-
held drench hoses may be used in conjunction with safety shower/eyewash units, but a drench 
hose is not a substitute for shower/eyewash units. Wall-mounted, squeeze-bottle type eyewash 
kits do not meet the requirements for eyewash units. They may be used in conjunction with 
approved eyewash units if the water/solution in them is changed weekly to avoid contamination 
(this must be documented and records kept); otherwise, those units should be removed from the  
laboratory and discarded. 
 
The following guidelines may be used to determine if existing showers and/or eyewashes are 
adequate or when installing new equipment: 

• Before purchasing any safety shower/eyewash unit, make sure the equipment meets 
the ANSI (American National Standards Institute) compliance standards. (contact 
Naomi Kelly (656-7554) for approval/assistance before ordering any drench 
equipment) 

• For materials which may cause serious/severe injury to skin or eyes (this includes any 
material with a pH less than 2 or greater than 12), a standard eyewash/shower 
combination unit is required regardless of the quantity of the chemical being used. 

• When installing units where emergency drench equipment does not presently exist, 
stand alone eyewash/shower combination units should be installed. 

• These units may be activated by a ring, pull bar, chain, triangle, or treadle, but when 
possible they should always be uniform throughout the facility. 

• Valves should be designed so that they remain open until they are intentionally shut 
off and they should activate in one second or less. 

• Each emergency unit shall be identified with a highly visible sign. The area around 
the emergency unit shall be well-lighted and highly visible. 
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• Emergency units must be readily accessible. A minimum of a 3ft. square area around 
the unit must be kept clear at all times. Marking off this area with brightly colored 
yellow tape is a good way to remind everyone to keep the area clear. 

• The unit should be located as close to the hazard as possible without physically 
causing a hazard itself. The time required to reach the shower/eyewash should be no 
more than 10 seconds, and they should be located no further than 25ft from the hazard 
site.  

• Eyewash nozzles shall be protected from airborne contaminants. Whatever means is 
used to afford such protection, its removal shall not require a separate motion by the 
operator when activating the unit. 

• The apparatus shall be located on the same level, and the path shall not be impeded 
by doors, equipment stock, or any tripping hazards. 

• All units must provide a copious flow of water for a minimum of 15 minutes.  
• Equipment shall be protected from freezing, deterioration, and physical damage 

through an inspection and maintenance program.  
• All safety shower and eyewash equipment must be inspected routinely. Safety 

showers should be inspected monthly. These inspections must include activating the 
unit for a period of time sufficient to ensure complete flushing of the lines (a 
minimum of 1-2 minutes or longer if necessary for water to run clear). Records must 
be kept indicating the date of inspection and initials or name of the inspector. 
Eyewash/facewash units must be inspected weekly to include activating for a period 
of time sufficient to ensure complete flushing of the lines (minimum of three 
minutes). These flushing requirements are necessary to ensure that infections caused 
by Acanthamoebae do not occur. These Amoebae are found routinely in eyewash 
stations when tested. These amoebae can cause serious eye infections, and clinical 
treatments with most antibiotics are ineffective against this amoeba. If this program 
has not been in place in the past, maintenance should be contacted prior to activating 
any shower that has not been flushed recently. The valves on these units may have 
corroded and may not shut off readily. You must also prepare for the collection of a 
large volume of water (20-50 gal.) in order to properly flush the lines.  

• All employees who might be exposed to chemical splash shall be instructed in the 
location and proper use of emergency shower and eyewash equipment before 
beginning work in the laboratory.  

1. For most chemical spills/splashes, a minimum 15 minute flush of all exposed 
areas (contaminated clothing and shoes should be removed while flushing). 
There are a few exceptions to this (i.e., HF—see Appendix K).  Employees 
must be aware of chemicals with specific first aid requirements by reading 
MSDSs and other available literature for the chemicals that they will be 
handling.   

2. When addressing the flushing of the eyes, instruction should be given to hold 
the eyelids open and roll the eyeballs so that water will flow on all surfaces of 
the eye and under the eyelid.  

3. Medical examination/treatment should be sought immediately after flushing. 
 


